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INTRODUCTION 


Considerable  effort  has  been  spent  on  the  develop¬ 
ment  of  suitable  processes  for  the  manufacture  of 
beryllium  hydride  of  high  purity  and  crystallinity  for 
use  In  chemical  propellant  systems.  The  most  success¬ 
ful  process  to  date  was  developed  by  Ethyl  Corporation 
and  baaed  on  the  pyrolytic  method  of  Coates  and  co¬ 
workers  utilizing  dl-t-butyl  beryllium  (prepared  from 
Grlgnard  reagents)  as  a  starting  material. 


(Me3C)2Be:2Et20  - ->  BeH2  +  2CH2>=CMe2  +  2Et20 


This  method  yields  amorphous  solid  with  an  absolute 
density  of  0.65  g/cc.  and  an  over-all  purity  of  93  wt.Jt. 
The  amorphous  product  Is  converted  to  crystalline  BeHo 
by  compaction-fusion  at  an  ultra  high  pressure  of 
200,000  pal.  and  200*C.  These  methods  are  uneconomical 
and  time  consuming  and  thus  Impractical  ^or  large  scale 
production  of  crystalline  BeH2. 

The  objective  of  developing  an  economical  and 
convenient  method  for  the  production  of  high  purity 
beryllluin  hydride  with  high  density  and  crystallinity, 
therefore,  remains  to  be  accomplished. 

Investigation  In  this’  laboratory  revealed  the 
existence  of  a  new  soluble  hydride,  chloroberylllum 
hydride  (CEH)  which  became  the  basis  f'.r  an  applied 
research  program  of  contract  AP  04(6li)-9700  to  develop 
a  process  for  the  manufacture  of  high  purity  BeH2  from 
readily  available  materials  such  as  beryllium  chloride 
(BeClp)  and  sodium  hydride  (NaH) . 
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OBJECTIVE 


The  objective  of  this  program  Is  to  develop  a  process 
for  the  manufacture  of  high  purity  beryllium  hydride  with 
a  high  degree  of  crystallinity  and  with  a  greater  density 
them  that  obtained  by  pyrolytic  methods .  The  proposed 
process  for  making  BeHg,  under  the  c  itract.  Involves  two 
steps: 

Step  1.  Preparation  of  chloroberylllum  hydride  from  the 
reaction  of  beryllium  chloride  with  sodium  hyd¬ 
ride  In  ethers  or  thloethers, 

BeCl2:2Z  +  NaH  -§2iYent__>  BeHCl:2Z  +  NaCl  (Eq.  l) 
Solution  Solid  Solution  Solid 


Z  =  Ether  or  Thloether 


Step  2,  Disproportionation  of  the  soluble  Intermediate  CBH, 
In  the  absence  of  residual  sodium  hydride  or  by¬ 
product  sodium  chloride,  to  give  Insoluble  beryl¬ 
lium  hydride  and  soluble  beryllium  chloride. 


2BeHCl:2Z  ^=:==::=r?“  BeHg  +  Z:BeCl2  +  3Z  (Eq.  2) 

Solution  Solid  Solution  recycle 

to  Step  1 


PROJECT  STATUS 


Summary 

This  report  describes  the  progress  made  toward  the 
synthesis  of  BeH2  outlined  below: 

Preparation  of  chloroberylllum  hydride  from  beryllium 
chlorlde-etherate  and  sodium  hydride  was  achieved  In  con¬ 
versions  up  to  95. 35^  based  on  beryllium  chloride. 
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Disproportionation  of  the  CBH  Intermediate  was  demon¬ 
strated  to  give  beryllium  hydride  In  purities  up  to  85. 1 
wt.  %.  The  product  was  amorphous  with  residual  Be-Cl  bonds, 
retained  ether,  and  Be-0  bonds  as  the  Major  contamlnsmts. 

The  atomic  ratio  of  active  hydride  to  residual  chloride 
(H"/C1")  In  the  final  product  reached  up  to  142/1.  nils 
was  realized  by  treatment  with  LIAIH4. 

Although  no  crystalline  beryllium  hydride  has  been 
conclusively  Isolated,  crystalline  material  was  evident  In 
sauiiples  obtained  from  the  disproportionation  of  CBH  In 
1,2-dlchloroethane  solvent.  Because  BeH2  Is  difficult  to 
Identify  by  X-ray  and  since  Impurities  tend  to  "mask"  the 
desired  product  except  In  samples  of  high  purity.  It  was 
not  certain  whether  the  ob8e)?ved  diffraction  lines  were 
related  to  crystalline  BeH2  or  to  associated  impurities. 

A  definite  Judgment  on  the  crystallinity  of  the  product 
awaits  preparation  of  high  purity  BeH2. 

The  CBH  Intermediate  was  Isolated  In  essentially  pure 
state  with  observed  atomic  ratios  of  Cl;Be:H  of  1.02:1.00:0.98 
in  good  agreement  with  the  theoretical  value  1:1:1  for  ClBeH. 

The  reaction  time  of  Step  1  was  decreased  from  30  hrs., 
obtained  In  ethor-kerosene  at  25*0., using  ball-milling  to 
about  4  hrs.  In  benzene  at  80®C.  and  2  hrs.  in  toluene  at 
lOS’C.  employing  simple  stirring. 

The  amount  of  ether  was  decreased  to  only  that  required 
to  form  the  dletherate,  BeCl2:2Dt20.  This  Is  advauitageous 
in  that  It  avoids  recycle  of  large  volume  of  ether  solvent. 

Particle  size  of  NaH  was  found  to  Influence  the  re¬ 
action  rate.  Use  of  NaH  of  average  particle  size  of 
5  microns  gave  about  33-fold  faster  reaction  rate  than  that 
obtained  with  an  average  size  of  40  microns. 

The  character  of  the  CBH  disproportionation  product 
was  found  to  be  highly  dependent  on  the  nature  of  solvents, 
temperature  and  type  of  disproportionation,  whether  carried 
out  under  vacuum  or  In  i^olution. 


Disproportionation  of  CBH  under  vacuum  gave  gelatinous 
products  difficult  to  filter  and  transf'^r,  with  extreme 
reactivity  toward  moisture.  However,  when  the  dJspro- 
portlonatlon  was  carried  out  In  different  solvents  the 
products  exhibited  various  hydrolytic  activities  with 
different  filtration  and  flow  characteristics.  In  aromatic 
solvents  the  disproportionation  products  appeared  to  have 
larger  particle  size  and  lower  hydrolytic  activity  than 
those  obtained  by  vacuum  disproportionation.  - -  - 
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Complexlng  agents  with  different  coordination  strength 
toward  ClBeH  were  found  to  be  capable  of  effecting  great 
variation  in  the  chemical  and  physical  properties  of  CBH 
Intermediate.  In  the  case  of  the  adduct  ClBeHrOEto  the  dis¬ 
proportionation  under  vacuum  gave  amorphous  products  with  H“ 
to  residual  Cl~  ratios  of  up  to  137/1  and  minor  amounts  of 
ether  probably  owing  to  terminal  coordination.  Likewise  dis¬ 
proportionation  of  the  dimethyl  sulfide  adduct  ClBeH:SMa2 
led  to  an  amorphous  product  retaining  a  large  amount  of 
residual  chloride  (H"/C1'  -  6.5/1)  but  no  MegS.  When  di¬ 
methyl  ether  was  used  as  the  complexlng  agent  only  a  small 
amount  of  disproportionation  product  was  obtained  which  was 
also  amorphous  to  X-ray.  Displacement  of  ether  from 
ClBeH: OEtg  by  trlmethyl  amine  resulted  in  the  formation  of 
a  benzene-soluble  adduct  probably  ClBeHtNMeo  which  appeared 
to  be  stable  toward  disproportionation.  Its  characteristics 
have  not  yet  been  determined. 

Reduction  of  the  adduct,  BeCl2:NMe3  with  sodium  hydride 
in  a  mixed  ether-benzene  solvent  at  room  temperature  led  to 
a  soluble  hydride  presumably  ClBeH;NMeo  with  conversions  up 
to  40. 75*  baaed  on  initial  BeCl2:NMe3. 

Details 


Preparation  of  Chloroberylllum  Hydride 

Nature  of  the  Reaction  of  BeCl2  with  NaH  in  Ethers 

In  order  to  establish  whether  chloroberylllum  hydride 
undergoes  transformation  to  beryllium  hydride  in  the  course 
of  step  (l)  a  rate  study  of  this  reaction  was  undertaken. 

Diethyl  ether  was  employed  in  view  of  its  marked  influence 
on  the  conversion  'in  contrast  to  those  obtained  in  other 
basic  solvents  (see  Table  I)  .  Kerosene  was  used  as  carrier 
for  NaH. 

The  study  revealed  that  two  consecutive  reactions  are 
occurring  as  represented  by  equation  (l)  and  (2).  The  course 
of  the  reaction  was  followed  by  analyzing  for  CBH.  Its  con¬ 
centration  rose  to  a  maximum  and  then  fell  off,  as  shown  in 
Pig.  1.  The  mole  ratio  of  CBH  to  the  total  hydride  in  the 
reaction  mixture  is  plotted  against  time.  Curve  1  shows  the 
change  in  content  of  CBH  in  Et20  with  ball-mill  attrition. 

A  maximum  conversion  of  745i  occurred  at  30  hrs.  Tlie  concen¬ 
tration,  then,  diminished  slowly  via  formation  of  Insoluble 
hydride  leaving  a  soluble  amount  of  1558  of  the  total  hydride 
at  110  hrs.  The  slow  rate  of  diminution  of  soluble  hydride 
permitted  the  isolation  of  CBH  from  the  reaction  mixture  be¬ 
fore  it  had  changed  into  insoluble  hydride.  Ifl’WIttKO  «  3YtAltlllTHni(l| 
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Pactors  Influencing  the  Converalon 
of  BeClp  to  CBH  In  Baeic  Solventa 

The  converalou  of  BeClo  to  CBH  at  room  tenperature  waa 
found  to  depend  on  eeveral  factors:  (a)  nature  of  basic  sol¬ 
vent,  (b)  concentration  of  BeCl2,  (c)  type  of  nixing, 

(d)  ratio  of  reactants  and  (e)  catalysts.  These  factors  are 
discussed  below: 

Effect  of  Basic  Solvents:  Several  Lewis  bases 
were  tried  such  as  dimethyl  sulfide  (Me2S),  diethyl  ether 
(Et20),  trlmethyl  anlne  (NMe3),  tetrahydrofuran  (THP)  and 
dlglyne  (see  Table  I).  In  lfe2S,  formation  of  soluble  CBH 
was  accompanied  by  deposition  of  Insoluble  beryllium-hydride 
bonds.  This  would  lead  to  a  product  contaminated  with  sodium 
and  chloride  Ions.  In  diethyl  ether,  however,  the  rate  of 
reaction  (l)  was  faster  than  that  of  reaction  (2).  Thus,  It 
was  possible  to  Isolate  sodium-free,  ether-soluble  CBH  In 
conversions  up  to  77.2^  based  on  BeClg.  Poor  results  were 
obtained  In  active  ethers  such  as  THP,  and  dlglyme.  nie 
over-all  results  are  shown  In  Table  I. 


TABLE  I 


Effect  of  Solvents  on  the  Rate  of  CBH  Production 
from  NaH  and  BeClp  at  Room  Temperature _ 


Solvent 

Time,  hrs 

.  ft  Conversion 

Et20 

31 

77.2 

Ne2S 

5 

25.7 

0H-Et2O 

17 

13.0 

Te  trahydrofuran 

16 

3.0 

Dlglyme 

54 

0.0 

Et20-BEt3 

15.5 

72.5 

Et20-AlEt3 

20.0 

33.0 

Ne2S— BEt3 

15.5 

30.0 

Extensive  side  reactions  Involving 

disproportionation 

of  CBH  or  further  reaction  with  NaH  appear  to  dominate  In 
active  ethers.  Table  II  shows  the  distribution  of  hydride 
content  In  both  the  liquid  and  solid  phases  of  the  re¬ 
action  mixture. 
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The  data  of  Table  II  shows  that  some  of  the  hydride 
(column  9)  was  unaccounted  for  and  presumably  deposited  as 
Insoluble  beryllium  hydride.  This  was  confirmed  by  pre¬ 
cipitation  of  a  chloride-free,  ether-insoluble,  white  solid 
by  allowing  r  sodium-free,  clear  solution  to  stand  at  room 
temperature.  The  solid  product  exhibited  an  Infrared 
absorption  band  at  3>6  u.  In  contrast  to  a  Be-H  absorption 
near  5.9  .  The  solid  generated  hydrogen  on  treatment  with 

aqueous  acids.  Since  It  Is  free  of  sodium  the  source  of 
hydrogen  must  be  BeHa.  It  Is  Important  to  note  that  In  the 
Et20  experiments  the  unaccounted  for  hydride  Is  much  less 
than  In  DMS  (column  9)»  making  Et20  the  solvent  of  choice  for 
carrying  out  step  1  at  ambient  temperature. 

Concentration  of  BeCl2s  The  conversion  of  BeCl2  to 
CBH  In  ether  solutions  Increased  with  Increasing  Initial  con¬ 
centration  of  BeCl2  as  shown  In  Table  III. 

TABLE  III 


Effect  of  Concentration  of  BeClp  In  Ether  on 
Its  Conversion  to  Chlorobery Ilium  Hydride 


(Temperature  «  25®C.,  Reaction  Time 
Attrition. ) 

-  17.5  hrs. , 

Ball-mill 

Expt.  No. 

Concn.  of  BeClg 
g.  raole/1000  g. 
Et20 

Ratio 

NaH/ 

BeCl2 

%  Conv. 
to  ClBeH 

%  Hydride 
Unaccount¬ 
ed  for 

952-114 

0.595 

1.03 

61.2 

22.0 

946-28 

0.650 

0.93 

68.5 

- 

952-113 

0.935 

1.03 

77.2 

5.7 

These  results  (Table  III)  Indicate  that  the  dispro¬ 
portionation  of  CBH  was  repressed  by  increasing  the  concen¬ 
tration  of  BeCl2  In  Et20.  A  decrease  in  the  unaccounted  for 
hydride,  from  22.0j<  to  5.75^  (coluinn  5),  reflected  an  Increase 
In  conversion  to  77.2%  of  soluble  CBH.  This  Is  consistent  with 
the  reversal  of  the  equilibrium  reaction  of  Eq.  2. 

(1)  CPIA,  Specialized  Fuel  Meeting,  (u)  Sept.  17-18,  1963, 
page  6,  Ethyl  Corp.,  Baton  Rouge,  Louisiana. 
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Molar  Ratio  NaH/^Clq;  Uie  data  presented  in 
Table  II  (Expts.  95^-71,  and  552-67)  show  that  69 A%  con¬ 
version  to  CBH  was  obtained  at  a  molar  ratio  of  NaH/^Cl2- 
1.795  in  contrast  to  60.305<  obtained  at  a  ratio  of  O.987. 
Although  higher  conversions  can  be  obtained  by  employing 
higher  ratios  of  NfiH/®eClp,  this  would  lead  to  coating  of 
excess  NaH  by  NaCl  by-product.  Recycle  of  excess  hydride 
would  be  cumbersome. 


Type  of  Mixing:  Magnetic  stirring  was  found  to 
be  suitable  In  dilute  ethereal  solutions  of  BeCl2.  In  con¬ 
centrated  solutions,  however,  BeCl2  forms  two  phases  of 
etherates.  The  lower  phase,  being  a  heavy  oil,  prevents 
Intimate  mixing  of  reagents.  In  such  cases  ball-milling  Is 
prteferred.  Ultrasonic  agitation  did  not  give  faster  re¬ 
action  rates  than  ball-mill  attrition. 


Catalysts ;  Attempts  to  catalyze  the  reaction  by 
using  BEt3;  to  solubilize  NaH,  resulted  only  In  a  minor 
change  In  the  conversion  (Table  II).  Use  of  AlEt3  (Fig.  1, 
Curve  3)  lowered  both  the  rate  of  formation  of  CM  and  Its 
subsequent  transformation  to  Insoluble  Be-H  bonds.  Use  of 
these  alkyls  was  discouraged  by  the  possibility  of  Introduc¬ 
ing  undesirable  Impurities  to  BeH2. 

Factors  Affecting  the  Rate  of  Reduction  of 

BeCl3!2EtgO  with  NaH  In  Aromatic  Solvents 

Variables  such  as  temperature,  particle  size  of  NaH, 
concentration,  and  type  of  complexlng  ether  were  found  to  be 
the  roost  Important  factors  Influencing  the  rate  of  CBH 
formation.  These  are  discussed  below: 


Effect  of  Temperature  on  the  Reduction  Rate;  It  Is 
known  that  aromatic  solvents  dissolve  fleuig-etherates.  Con¬ 
sequently  they  were  chosen  as  reaction  media  for  the  reduction 
of  BeClg  with  NaH  at  above  ambient  temperatures. 

In  toluene  at  100-105*  reaction  (l)  yielded  a  solution 
In  which  the  atomic  ratio  of  H“/Be++  was  0.84  obtained  In 
about  2  hours  of  reaction  time  (see  Pig.  2,  Curve  l).  In 
benzene  at  75-8o*C.  a  ratio  of  0.77  was  obtained  In  4.2  hrs. 
(Curve  II).  However,  at  room  temperature  In  the  ether- 
kerosene  system  a  ratio  of  0.66  was  obtained  In  19.7  hrs.  end 
0.82  In  45.7  hrs.  (Curve  III).  Thus,  reducing  BeClo:2EtpO 
with  NaH  In  benzene  and  In  toluene  at  reflux  temperatures 
decreased  the  reaction  time  from  days  to  hours. 
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Effect  of  Particle  Size  of  NaH  on  the  Reaction  Rate: 
Reduction  of  BeCl2:2£t20  with  MaH  of  different  particle  size 
was  carried  out  under  controlled  conditlone  (Table  IV).  The 
results  showed  that  using  NaH  of  an  average  particle  size  of 
about  5*0  gave  33 -fold  fastei  reaction  rate  than  that 
obtained  with  40  p..  The  rate  >-^.ta  are  shown  In  Pig  2  Curve  IV 
for  comparison. 


TABLE  IV 


Effect  of  Particle  Size  of  NaH  on 
the  Rate  of  Formation  of  ClBeH 


NaH 

Particle 
Size,  ju 

Temp. , 

"C. 

Solvent 

Reaction 
Time, 
hrs . 

Ratio  c 
H"/Be++ 

40  * 

80 

Benzene 

7.5 

0.07 

5 

80 

Benzene 

2.25 

0.71 

(a)  Commercial  sample  obtained  from  Metal  Hydrides  Inc. 

(b)  Made  by  US.  Industrial  Chemicals  Co. 

(c)  Ratio  of  hydride  to  beryllium  In  solution. 


Effect  of  BeClp  Concentration  on  the  Reaction  Rater 
The  rate  of  formation  of  CBH  from  the  reaction  of  BeClp*2Et20 
with  NaH  In  benzene  was  found  to  Increase  with  Increasing 
Initial  concentration  of  the  dletherate.  The  trend  Is  shown 
In  Pig.  3.  Aft  r  60-805^  completion,  the  concentration  of  CBH 
did  not  Increase,  presumably  due  to  coating  of  NaH  by  solid 
by-product  NaCl. 

Examination  of  the  data  of  Fig.  3  indicated  that  about 
805s  conversion  was  obtained  at  70-80'C.  In  4  hrs.  and  87.5f6 
In  8  hrs.  by  employing  an  Initial  concentration  of  BeCl2:2Et20 
of  1.37  mmoles  per  1000  griuns  of  solution  and  a  ratio  of 
NaH/BeCl2  of  1/1.  At  a  concentration  of  O.85  molal  the  con¬ 
version  was  about  65Ji  In  2  hrs.  and  73S<  In  7  hrs.  at  65-70®C. 
Decreasing  the  concentration  to  O.45molal, the  conversion  de¬ 
creased  to  46. 75^  In  2  hrs.  at  70-80'C.  In  these  experiments 
the  concentration  of  soluble  Be"*^  remained  essentially  constant 
Indicating  that  the  Intermediate  ClBeH: 2Et20  was  stable  under 
the  conditions  of  Its  formation. 
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Effect  of  Initial  Concentration  of  BeCl9:2Bt90 

on 

the  Reaction  Rate  In  Benzene  Solution 

BeCl2:2Et'-20 

+  NaH  . 

ClBeHi2Et20  -f  NaCl 

Curve 

Expt. 

Initial  Conon. 

Temp.  Molar  Ratio 

No. 

BoClo  s  2E^pO 
Molei/lOOog. 

•C.  NaH/BeClg 

1015- 

Solution 

A 

92 

^•27 

70-80  1.06 

B 

78 

0.85 

65-70  1.02 

C 

87 

0.45 

70-6o  1.14 
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Effect  of  Incremantal  Addition  of  on  tiM  Atoaio 
Ratio  H  In  order  to  Increase  the  ratio  of  H“/Be++  In 

solution,  additional  NaH  was  wa*  added  to  the  redo tlod . Mixture 
(Step  1)  after  the  concentration  of  CBH  reached  a  consrtaiit 
value.  The  results  are  shown  In  Pig.  4.  Curve  A  describes 
the  variation  H-/Be++  ratio  with  time.  When  the  ratio  reach¬ 
ed  a  constant  level  of  0.84,  Introduction  of  3^  additional 
NaH  resulted  In  an  Increase  to  0.95  approaching  the  theo¬ 
retical  value  1.00  to  ClBeH.  Curve  B  describes  the  results  of 
a  second  experiment  where  an  addition  of  48j<  excess  of  NaH  In¬ 
creased  the  H"/Be++  ratio  from  0.58  to  0.89. 


Effect  of  Complexlng  Ether  on  the  Reaction  Rate; 
Comparative  study  of  the  reduction  of  BeCl2:2Et20,  BeCl2:2Me2S, 
BeCl2:2Me20  with  NaH  In  benzene  solution  at  65-95*C,  showed 
that  the  use  of  Et20  gave  soluble  ratios  of  H:Be  of  up  to  0.90. 
When  Me2S  or  Me20  were  used  low  values  were  obtained,  0.41  and 
0.44  respectively.  The  Intermediate  HBeCl:2Et20  seemed  to 
undergo  little  or  no  side  reaction  during  Its  formation  In 
benzene  solution,  shown  by  an  Increase  in  the  soluble  hydride 
concentration  with  time  while  the  beryllium  content  remained 
practically  unchanged.  The  results  of  a  typical  experiment 
are  plotted  In  Figure  5. 


However,  the  dimethyl  sulfide  adduct  ClBeH :2Me2S, 
appeared  to  undergo  aide  reaction  as  shown  by  simultaneous 
diminution  of  hydride  and  beryllium  concentrations  as  shown 
In  Pig.  6.  The  dimethyl  sulfide  probably  promotes  side  re¬ 
actions  which  consume  the  hydride. 

In  the  case  of  dimethyl  ether  difficulties  were  encounter¬ 
ed  due  to  the  low  solubility  of  BeCi2!20Me2  In  benzene  (about 
0.16^  at  25®C.).  Crystallization  of  the  solute  as  It  )ools 
upon  sampling  led  to  clogging  of  the  passaiges  resultl  g  In 
unreliable  analytical  results.  This  difficulty  was  o  jrcome 
by  operating  at  90-95°C.  A  ratio  of  H-/Be++  of  0.44  was 
obtained  after  4  hours  of  reaction  time.  A  decrease  In  the 
concentration  of  soluble  hydride  and  of  soluble  beryllium 
was  observed  during  the  course  of  the  reaction.  This  Indicates 
the  occurrence  of  side  reactions  by  which  soluble  Be-H  bonds' 
are  rendered  Insoluble.  This  was  confirmed  by  the  presence 
of  beryllium  In  the  solid  phase.  This  amount  of  the  Insoluble 
beryllium  was  26^  of  the  total.  Thus,  dimethyl  ether  appears 
to  promote  undesirable  side  reactions  which  consume  CBH. 

This  behavior  Is  analogous  to  that  of  tetrahydrofuran  and  of 
dlglyme  observed  earlier  (Table  II). 
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Purification  Methods  of  Chloroberylllum  Hydride 

The  Intermediate  CBH  Isolated  from  the  reaction  mixture 
of  (Step  l)  was  always  contaminated  by  small  amounts  of  un¬ 
reacted  BeCl2-etherate.  It  can  be  upgraded  by  two  methods: 

1.  Fractional  crystallization  of  unreacted  BeCl2;0Btg; 
The  liquid  phase  isolated  from  the  reaction  mixture  (NaH  + 
BeCl2)  after  vacuum  removal  of  the  solvent  was  seeded  with 
preformed  BeCl2:0Et2.  This  insulted  In  the  deposition  of 
a  crystalline  solid  and  a  liquid  having  the  following  atomic 
ratios: 

Atomic  Ratios 


Be++ 

H- 

ci- 

Found: 

1.00 

1.037 

1.005 

1.00 

0.978 

1.015 

Theory  for  ClBeH: 

1.00 

1.00 

1.00 

The  solid  phase  was  not  analyzed. 

2.  Reduction  of  Cthreacted  BeCl220Et2  with  NaH:  Incre¬ 
mental  addition  of  NaH  to  the  reaction  mixture  of  Step  1 
afforded  a  convenient  route  to  upgraded  CBH  In  one  step. 
Reduction  of  beryllium  chloride  with  20-30Jf  excess  sodium 
hydride  over  that  required  by  Eq.  1  gave  a  product  with  an 
atomic  ratio  of  Cl/Be  of  1.04/1.00  approaching  the  theoretical 
values  1/1  for  ClBeH.  This  result  confirms  other  observations 
that  Incremental  addition  of  excess  of  NaH  to  the  reaction 
mixture  of  step  1  afforded  a  soluble  ratio  of  H"/Be++  of 
0.95/1.00  (Pig.  4). 

Properties  of  Purified  CBH-Etherate 


Molecular  weight  of  CBH:  Having  Isolated  CBH-0Et2  In 
essentially  pure  form,  determination  of  Its  molecular  weight 
was  desirable.  An  attempt  to  determine  Its  degree  of 
association  In  benzene  solution  was  hampered  by  the  deposition 
of  a  white  solid,  presumably  due  to  formation  of  BeH2  accord¬ 
ing  to  the  equilibrium: 

2ClBeH:0Et  BeH2  +  BeCl2:2Et20  (Eq.  3) 

Solution  Solid  Solution 


Other  solvents  such  as  dlchloromethane  and  chlorobenzene 
In  which  CBH  does  not  undergo  disproportionation  should  be 
used  as  media  for  molecular  weight  determination. 
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R6>ctlon  of  CBH  with  lodlnos  Xodlne  (Ip)  rsactsd 
InstantaneouBiy  and  quantitatively  with  2  fflolea  of  chloro- 
berylllvun  hydride  with  release  of  one  mole  of  gaseous 
hydrogen  (H^)  as  described  below: 


2ClBeH  +  Ip  - ^  2ClBeI  +  Hp  (Eq.  4) 

Theory  (mmoles)  2.00  1.00  -  1.00 

Pound  (mmoles)  2.04  1.00  -  0.97 


Oxidation  of  CBH  with  Iodine  provides  a  convenient  and 
rapid  method  for  Its  quantitative  determination.  The  pro¬ 
cedure  Is  simple.  It  Involves  titrating  a  solution  of  CBH 
In  EtpO  with  a  standard  solution  of  Ip  in  toluene  or  other 
Inert  solvents,  ■•'ilie  end  point  Is  tedcen  when  a  yellow  color 
persists  due  to  slight  excess  of  Iodine.  The  accuracy  of 
the  method  depends  on  absolute  exclusion  of  moisture  from 
reagents  and  equ.ipment. 

Reaction  of  with  Protonic  Hydrogen;  Like  oUier 
active  hydrides,  CsH-etherates  undergo  proton olysls  generat¬ 
ing  gaseous  hydrogen  and  hydrogen  chloride. 


ClBeH:0Et2  +  2H2O  — »  Hp  +  Be(0H)p  +  HCl  +  EtpO  (Eq.  5) 


This  reaction  Is  violent  and  accompanied  by  heat  evolution. 

Etherates  of  CBH:  Like  beryllium  chloride,  ClBeH  forms 
dl-  and  monoetherates .  The  dletherate,  ClBeH: 20Etp  can  be 
Isolated  from  Its  ether  or  benzene  solution  by  pumping  In 
high  vacuum  at  0®C.  to  remove  unbound  ether.  The  ratio  of 
bound  ether  to  beryllium  was  2/1.  The  dletherate  upon  pump¬ 
ing  at  25"C.  loses  one  mole  of  ether  per  mole  of  adduct  to 
form  the  monoetherate  according  to  the  eqxzatlon 


ClBeH:  20Etp  >  ClBeH:  OEtp  +  OEtg 

Vflic  • 


(Eq.  6) 


*  We  wish  to  thank  Dr.  D.  Horvltz  of  this  laboratory 
for  suggesting  use  of  Iodine  as  an  oxidizing  agent 
for  chloroberylllui?  hydride. 
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aSie  dltnerlc  nature  of  beryllium  chloride  monoetherate  2 


Cl  -Cl  jOEto 

>Be 

Et20  '^Cl  '  ^C1 


suggests  a  dimeric  structure  for  ClBeHtOEtg 


H  . H  .  OEto 
,  Be  Be' 
EtgO'  "Cl-  '  ^  Cl 


which  accounts  for  the  formation  of  BeH2  on  disproportionation. 


Behavior  of  CBH  toward  NaH:  Synthesis  of  CBH  at  room 

temperature  In  the  presence  of  a  large  excess  of  NaH  Indicated 
that  this  Intermediate  undergoes  little  or  no  reaction  with 
Nadi.  At  a  stoichiometry  of  1.795  NaH  to  1.0  BeClp,  the 
conversion  of  BeCl2  to  CBH  was  69 higher  than^the  60.3^ 
obtained  at  the  ratio  of  0.98?  to  1.0  (Table  II),  Expts.  No. 
752-71,  -67). 

The  behavior  of  CBH:20Et2  toward  NaH  was  also  examined 
In  benzene  solution  at  70-8o*C.  (Figs.  3  and  4).  Increasing 
the  molar  ratio  of  NaH/BeCl2  from  1.06  to  1.33  Increased  the 
soluble  ratio  of  H/Be  from  0.84  to  0.95  without  u  observed 
diminution  In  the  beryllium  concentration.  These  observations 
Indicate  that  even  at  these  temperatures  the  CBH  Intermediate 
Is  remarkably  stable  toward  NaH. 

Infrared  Absorption  of  CBH;  An  IR  spectrum  of  ClBeH- 
etherate  exhibited  a  band  at  3.6  u,  close  to  5.63u  observed 
for  1-PrBeH  3,  ' 


NAWEPS  Report  No.  7227,  page  6,  1962. 
LPIA  Abstracts,  C61-403,  196I. 
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Disproportionation  of  Chloroberylllun  Hydride 

Two  methods  for  the  preparation  of  beryllium  hydride 
from  CBH  were  Investigated:  (l)  vacuum  disproportionation 
In  the  absence  of  solvents  and  (2)  disproportionation  In' 
various  solvents  at  atmospheric  pressure.  Factors  studied 
Include: 

(1)  Temperature  of  disproportionation 

(2)  Type  of  solvent  used  for  extracting  BeCl2:0Et2  (Eq.  7) 

(3)  Effect  of  temperature  on  removal  of  solvents  from  the 
final  product. 

(4)  Treatment  of  BeH2  with  hydride  reagents  to  remove 
residual  chloride  and  retained  ether. 

(5)  Nature  of  complexlng  agents  for  the  CBH  Intermediate, 
e.g.,  EtgO,  Me2S,  MegO  and  NMe3 

(6)  'lype  of  disproportionation  media  e.g.,  ether,  dimethyl- 
sulfide,  diphenyl  sulfide,  benzene,  toluene,  dlchloro- 
methane,  1,2-dlchloroethane,  1, 1 -dl chi or oe thane,  chloro¬ 
benzene,  cyclohexane  and  kerosene. 

To  date,  all  methods  examined  for  the  disproportionation 
of  CBH,  except  that  In  which  1,2-dlchloroethane  was  used  as 
a  solvent,  gave  products  amorphous  to  X-ray  with  purities 
ranging  from  23  to  85  wt.  JS  BeH2.  In  the  case  of  1,2-dlohloro- 
ethane  the  disproportionation  products  exhibited  crystalline 
structure  to  X-ray.  However,  the  purity  was  31  wt.  %  BeHo 
(or  76.6  mole  %  based  on  total  Be).  Uils  result  was  somewhat 
encouraging  In  view  of  the  fact  that  the  other  products  with 
comparable  purity  were  totally  amorphous  to  X-ray.  It  Is  not 
certain  whether  the  observed  diffraction  lines  are  related 
to  ciystalllne  species  of  BeHg  or  to  unknown  Impurities. 
Therefore,  Judgement  on  the  crystallinity  awaits  preparation 
of  pure  BeH2. 

In  order  to  establish  the  chemistry  Involved  In  the  dis¬ 
proportionation  step  moat  of  the  work  was  carried  out  under 
vacuum  In  the  absence  of  solvents  to  avoid  possible 
complication  by  solvent  effects.  The  details  are  described 
below: 

''NCRACFD  at  3  YfilJf  MiTFf  mu  e 

CONFIDENTIAL 

OOD  OM  S2M.10 


CONFIDENTIAL 

Vacuun  Dloproportlonatlon  of  CBH 

Subjecting  ClBeH:0St2  to  Tacuua  heating  with  distillation 
of  the  ether  aa  soon  aa  foraed  yielded  BeHo  In  oonreralons  ud 
to  63<99t  baaed  on  Initial  CBH: 


Eto( 


»Be 


OEt,, 

C1"^C1 


50-55^C.  A 

'^ZZZZZZ  *  B«H2  +  BeCl2:0Et2  +  Et20  T  (Bq. 


Benzene 

Soluble 


Solid  Benzene-  Vapor 
Soluble 


The  berylllilm  hydride  produced  waa  a  white  solid  having 
extreme  aenaltlvlty  toward  atnoapherlc  condltlona.  When 
freshly  Isolated,  It  sparked  and  glowed  on  exposure  to  moist 
air  with  enormous  evolution  of  heat.  The  major  Impurities 
were  attributed  to  Be-o  and  residual  Be-Cl  bonds.  The  source 
of  the  oxide  contaminant  was  most  likely  due  to  the  Incomplete 
exclusion  of  air  and  moisture  during  handling  of  the  solid. 

Ether  cleavage  was  not  observed  during  the  disproportion¬ 
ation  of  the  CBH-etherate,  Indicating  that  the  oxide  Impurity 
was  not  derived  from  ether  cleavage. 


Evidence  for  BeClo;OEto  as  By-Product  In  the  CBH 

* ^hlle  Investigating  the  thensal  stablll ty 
of  CBH-etherate  In  a  closed  system,  a  crystalline  material 
sublimed  and  deposited  above  the  heated  zone.  Beryllium  and 
chlorine  content  In  the  sublimate  corresponded  closely  to  that 
of  beryllium  chlorlde-monoetherate,  BeCl2-Bt20.  Anal:  Calcu- 

5.85^;  Cl,  $6.0?. 


Found:  Be, 


In 


Factors  Qovemlng  the  Disproportionation  of  CBH 
Vacu^;  Ine  disproportionation  of  cbH  to  BeH2  and  BeClo  was 
founa  to  depend  ca  several  factors:  (a)  presence  of  excess 
ether,  (b)  effect  of  temperature,  and  (c)  type  of  solvents. 
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Effect  Of  Ether  on  the  Disproportionation:  It 
was  found  that  the  disproportionation  of  cbh  ms  retarded  In 
diethyl  ether  solvent,  presuDably  due  to  the  equilibrium  re¬ 
action  Indicated  by(Eq.  7).  In  the  presence  of  excess  ether, 
BeCl2:Et20  reacted  reversibly  with  BeH2  forming  soluble  CBH- 
etherate.  However,  removal  of  the  ether  from  the  system 
shifted  the  equilibrium  to  the  direction  of  BeH2  formation. 
Hydrogen  bonds,  being  more  stable  than  chlorine  bonds  provide 
a  driving  force  for  the  formation  of  solid  BeHo.  Uberatlon 
of  the  si^ble  etherate  BeCl2:Et20  further  promotes  production 
of  BeH2 • 


Removal  of  the  ether  as  a  prerequisite  for  the  dispro¬ 
portionation  Is  supported  by  the  following  observations: 

(l)  Addition  of  BeCl2  dissolved  In  dimethyl  su  .i’lde  to 
CBH-etherate  resulted  In  Immediate  precipitation  of  BeHo,  In¬ 
dicating  that  Et20  forms  a  stronger  coordination  bond  with 
BeCl2  than  with  ClBeH. 


2ClBeH:2Et20  +  BeCl2 

25*C. 

Solution  Solution 


R  -H .  .  OEto 

.Be  Be' 

EtgO'  '^Cl--  N31 


+  BeCl2:2Et20 
Solution 


BeHg  +  BeCl2:2Et20 
Solid  Solution 


(Eq.  8) 


This  reaction  gave  a  solid  product  with  an  obst.'ved  H/Be  ratio 
of  2.16,  In  close  agreement  with  the  theoretical  value  2.00 
for  BeH2.  The  purity  was  S^.OJJ  by  weight.  Small  amounts  of 
diethyl  ether  and  dimethyl  sulfide  were  detected  In  the 
products  of  hydrolysis. 

(2)  Removal  of  Et20  by  complexlng  with  AlEto  also  led  to 
precipitation  of  solid  BeHp.  ^ 


2ClBeH:2EtpO  +  2AlEtp 

^  25*0. 


Solution  Solution 
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,.Hs.  .OEtp 
Be  Be ' 
Et20‘'  ''Cl-'  "^ci 

i 


+  2AlEt^:£t20 
Solution 


BeH2  +  BeCl2:2Et20 
Solid  Solution 


(Eq.  9) 


C'UNFIOBMTIAI.  a 

Use  of  AlEt3  ether  acceptor  was  discouraged  by  the 

possibility  of  Inducing  ethyl-hydride  exchange  between 
aluminum  and  beryllium. 

Effect  of  Temperature  on  the  Extent  of  Dlspro^- 
portlonatlon;  'Riermal  dissociation  or  CBH-etherate  under 
vacuum  also resulted  In  the  disproportionation  to  BeH2  and 
BeCl2  monoetherate.  The  disproportionation  product  exhibited 
Improved  H/Be  ratio  with  Increasing  temperature.  TOie  per¬ 
cent  conversion  of  CBH  to  BeH2  and  the  percent  purity  were 
Improved  with  higher  temperatures.  These  trends  are  shown 
In  Table  V. 


TABLE  V 


Effect  of  Temperature  on  the  Extent 
of  Disproportionation  of  CBH  Under  Vacuum 


Expt. 

No. 

Temp,  of 
Dispro¬ 
portion¬ 
ation,  *C, 

Ratio  ® 
H/Be 

Ratio  * 
H/Cl 

Conver¬ 
sion  of 

CBH  to 

BeH2 

Purity 
Wt.  % 
as  BeH< 

i 

952- 

164 

25 

1.52 

-  , 

20.6 

49.9 

237 

55.5 

1.68 

6.75 

31.4 

— 

238 

80 

1.74 

14.25 

58.2 

— 

134 

85 

— 

-- 

63.9 

69.2 

212 

95 

1.86 

15.05 

... 

(a)  Aqueous  acetic  acid  solutions  were  used 
In  the  hydrolysis. 

Formation  of  the  monoetherate  during  the  disproportionation 
step  Is  consistent  with  previous  flndlngsS  describing  the 
dissociation  of  beryllium  chlorlde-dletherate  to  the  mono¬ 
etherate  and  ether. 

BeCl2:2Et20  -^ZZZ~->  BeCl2:0Et2  +  Et20  (Eq.  10) 
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pj  order  to  extract  the  by-product  BeCl2:Et20  from 
BeH2  (Eq.  7)  eeveral  solvente  were  investigated  such  as 
benzene,  dimethyl  sulfide  and  diethyl  ether.  It  was  found 
that  removal  of  the  roonoetherate  from  BeHg  was  best 
accomplished  by  treating  the  disproportionation  reaction 
mixture  with  benzene  first  to  extract  most  of  the  mono- 
etherate  followed  by  extraction  with  Me2S  to  remove  residual 
Be-Cl  bonds.  The  effect  of  benzene  and  of  dimethyl  sulfide 
on  the  over-all  conversions  of  CBH  to  BeHp  and  on  the 
removal  of  residual  Be-Cl  bonds  Is  presented  In  Table  VI. 

TABLE  VI 


Comparative  Data  on  the  Conversion  of  CBH  to  fleH2  Using 
Benzene  and  Dimethyl  Sulfide  to  Separate  BeCl-:Kt-Q  fmin 


Dlspr'n.  a  Initial  d  Extraction  Flatlo^  %  Convn.  of  k 
Temp.,  "C.  Solvent  Solvent  H/Cl  °  CBH  to  BeH2  ” 


85  Benzene  Me2S  25.6  63.9 

75  MegS  Me2S  43.2  20.1 

a.  Temperature  at  which  Et20  was  pumped  from  the  reaction 
mixture . 

b.  Based  on  Initial  CBH 

c.  Atomic  ratio  of  active  hydride  to  residual  chloride 

d.  To  extract  BeCl2:0Et2 


The  decrease  In  percent  conversion  may  be  attributed  to 
a  reversal  of  the  disproportionation  reaction.  In  the 
presence  of  dimethyl  sulfide  and  BeCl2,  solid  BeH2  undergoes 
dissolution  to  form  a  soluble  CBH  dimer  postulated  with  mixed 
hydride  and  chloride  bridges. 


BeH2  *4*  BeCl22Et20 


+  Me2S 


Megs  . 
<1.1? 
Solv. 


.Be  Be 
MegS'  ''Cl-  Xl  _ 


Solid  Solution 


Solution 


(Eq.  11) 


This  IB  analogous  to  the  solution  of 
BeCl2 1  OEt2—OEt2 
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H6H2  BoCl2*£*t«20  +  £^2^ 


Bt20  ^ 

Solv. 


Solid  Solution 


Solution 


24 

(Bq.  12) 


In  the  absence  of  free  BtoO  or  Me2S  using  benzene  as 
the  extracting  solvent,  BeCl2:0Et2  can  be  mostly  washed  away 
from  BeH2  without  dissolution  of  the  latter.  For  this 
reason,,  the  conversion  of  CBH  to  BeH2  lo  higher  than  In  di¬ 
methyl  sulfide  (Table  VI).  ^lese  results  showed  that 
benzens  Is  preferred  for  the  Initial  removal  of  BeCl2:0Et2 
from  BeH2.  Residual  Be-Cl  bonds  may  be  minimized  by 
additional  extraction  with  ether  or  thloether. 

Purity  of  the  Disproportionation  Product:  The 
purity  of  the  product  appeared  to  depend  on  several  factors: 
(a)  Effect  of  solvent,  (b)  Inertness  of  atmosphere  under 
which  the  product  Is  handled,  (c)  Temperature  of  dispro¬ 
portionation. 

Effect  of  Solvent  on  the  Purity  of  BeHo; 
Although  BeCl2-monoetherate  was  extracted  irom  BeH2  by  ^ 
benzene,  some  Be-Cl  bonds  were  retained  In  the  solid.  This 
Indicated  that  some  residual  Be-Cl  bonds  were  either 
physically  occluded  In  the  solid  or  chemically  bound  In  the 
structure,  postulated  as: 

.Be  Be  Be'  Be 

''H-''  ''H'  Bl 


The  effect  of  solvents  on  the  removal  of  retained  Be-Cl  bonds 
and  on  the  purity  of  produced  BeH2  Is  shown  In  Table  VII. 
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TABLE  VII 

Analytical  Data  on  the  Effect  of  Solvents  on  the 
Removal  of  Resldiial  Be-Cl  Bonds  and  on  the  Parity  of  BoHq 


Extraction  Sample 

Composition . 

mmoles 

Ratio 

Purity  of 
fieH2,Wt.)t 

ooivent 

wt.,mg. 

H- 

Be++ 

Cl" 

■  H-/C1- 

Benzene 

*  48.4 

1.42 

1.70 

0.35 

4.0 

16.1  0 

EtgO  b 

187.0 

20.88 

11.59 

0.85 

25.2 

61.4  0 

Me2S  b 

117.2 

12.92 

7.64 

0.30 

43.2 

60.4  0 

MegS  b 

56.4 

7.66 

4.25 

0.15 

51.2 

74.7 

Me^S  + 
Benzene 

a  i  4 . 5 

11.53 

6.11 

0.16 

72.2 

85.1  ^ 

MegS  b 

63.4 

8.33 

4.67 

0.12 

69.4 

72.3 

(a) 

Washing  with  benzene 

until 

filtrate 

Is  free 

of  soluble  chloride. 

Ib)  Soxhlet  extraction. 

c  Handled  In  a  polyethylene  bag  filled  with  nitrogen, 
d)  Handled  In  a  dry  box  filled  with  nitrogen, 
e)  Washed  with  Me2S  followed  by  extraction  with  benzene. 


These  results  show  that  the  observed  beryllium  content  In 
the  final  product  was  always  larger  than  that  required  to  com¬ 
bine  with  total  hydride  and  chloride  Ions.  This  Indicated  the 
presence  of  beryllium  compounds  other  than  BeHo  emd  BeClo 
The  major  Impurity  appeared  to  consist  of  beryllium  oxide  or 
Be(0H)2  resulting  from  exposure  of  the  product  to  atmospheric 
conditions  during  handling.  This  point  was  demonstrated  by  an 
observed  decrease  In  the  purity  with  continued  manipulation  of 
the  product  as  shown  below. 


Effect  of  Exposure  to  Atmospheric  Conditions: 
Handling  and  welgHing  or  the  solid  In  a  dry  box,  using  nitrogen 
gave  higher  purities  (Table  VII)  than  obtained  with  plastic  ' 

bags  filled  with  nitrogen.  Continued  handling  of  the  solid 
resulted  In  diminution  of  the  active  hydride  and  chloride 
content  of  the  product  with  corresponding  Increase  In  Be(OH)o 
This  trend  Is  shown  In  Table  VIII. 
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TABLE  VIII 


Pata  on 

the  Decrease 

In  Purity  of  BeHo  with  Further  Handling 

Extraction 

Solvent 

Extraction 
Time, 
hrs . 

Distribution  of  Be 

Mole  i 

Purity  of  BeH2 

wt.  i 

BeH2 

BeCl2 

Be(0H)2  “ 

Calc.o 

Obs.  d 

Et20 

16 

90.10 

3.65 

6.25 

63.5 

61,4 

Me2S 

16  a 

- 

- 

- 

- 

54.1 

Me2S 

16  ® 

82.60 

3.20 

14.20 

50.8 

50.3 

I  a  I  Duplicate  samples  analyzed  24  hrs.  apart, 

b)  Obtained  by  difference  from  beryllium  balance, 

c)  Based  on  BeClo  and  Be(0H)2  as  the  only  Impurities, 

d)  Heated  at  lOO'C.  with  pumping  (10'5  mm.  Hg.) 
to  remove  residual  solvents. 


The  results  presented  In  Table  VIII  show  that  further 
manipulation  of  the  solid  led  to  a  decrease  of  7.55(  In  the 
molar  content  of  BeH2  and  a  0.455<  decrease  In  BeClo  with  a 
corresponding  Increase  of  7.955*  In  Be(0H)2.  It  Is  signifi¬ 
cant  to  note  that  the  percent  purity  calculated  on  the  basis 
of  BeClg  and  Be(0H)2»  being  the  only  contaminants.  Is  In 
good  agreement  with  the  observed  purity  based  on  sample  weight. 
This  Indicated  that  other  Impur.^  *•*  "‘s  derived  from  ether 
cleavage  or  solvent  retention  w  negligible.  It  Is  there¬ 
fore  essential  to  maintain  absoli.  .ely  moisture-  and  dxygen- 
free  conditions  during  handling  (isolation,  transfer,  and 
weighing)  of  the  solid. 


Effect  of  Disproportionation  Temperature  on 
the  Purity  of  BeHg!  TOie  posalbllity  of  ether  ciBAVAgA  nnfioT. 
the  conditions  of  CBH  disproportionation  was  studied. 

Cleavage  of  Et20  was  not  observed  when  the  disproportionation 
step  was  carried  out  at  75*C.  for  a  period  of  1  hr.  However 
when  the  reaction  mixture  was  pumped  at  85®C  for  20  hrs.  ’ 
ethyl  chloride  was  detected  (Eq.  13).  Sublimation  of  BeClo- 
monoetherate  and  generation  of  free  ether  were  also  observed 
No  trace  of  ethane  was  found.  The  latter  substance  would  be’ 
present  If  ether  were  cleaved  by  Be-H  bonds. 


[  .  NiWC^DATSVEMMIBIWU 
DtCUbSIflEOAFTEilkf  VEMI 
POD  MR  UM.IO 


CONFIOBNTlAi 

The  residual  Cl”  content  In  EeHo  was  found  to  be  a 
function  of  disproportionation  temperature.  The  results 
are  compiled  In  Table  IX. 


TABLE  IX 


Effect  of  Disproportionation  Temperature  on  the 
Purity  of  BeHg  and  on  the  Retention  of  Residual  Cl~  Ions 

2HBeCl;0Et2  BeH2  +  BfcCl2:0Et2*  +  3Et2o'’ 


Disproportionation 
Temperature,  ®C. 

Atomic 

.H-/C1’° 

Ratio 

Purity  of 
BeH2,  Wt.ji 

125 

/.  20.0 

1.97 

43.3 

80 

39.5 

1.88 

70.9 

74 

51.0 

1.80 

74.7 

60 

107.5 

1.94 

77.8 

58 

72.2 

1.89 

85.1 

45 

37.6 

1.91 

61.7 

(a)  Extracted  with  solvents  such  as  toluene,  benzene 
and/or  dimethyl  sulfide 

(b)  Removed  by  vacuum  distillation. 

(c)  Atomic  ratio  of  active  H”  to  residual  Cl”  in 
final  product. 


These  data  (Table  IX)  show  that  the  atomic  ratio  of 
active  H“  to  residual  Cl”  increases  with  decreasing  temper¬ 
ature  reaching  a  maxlmum  value  of  107.5  at  60®C.  At  a 
lower  disproportionation  temperature  (AS'C.)  the  ratio  de¬ 
creased  to  37.6.  These  observations  Indicate  existence  of 
an  optimum  temperature  at  which  residual  Be-Cl  bonds  are 
at  minimum. 


In  view  of  the  Increase  In  resldxial  chloride  content 
at  the  high  temperatures,  and  the  report  of  Turova  et  al.^ 


(4)  Turova  et  al, 


Russian  J.  Inorg.. . Chem .  8,  275-7  (1963). 
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on  the  thermal  decomposition  of  BeCl2:20Et2  to  form 
polymeric  ethoxyberylllum  chloride,  ethyl  chloride, and 
ether 


BeCl2:2Et20  -55=2ili!Q*_.>  EtOBeCl  +  EtCl  +  Et20  (Eq.  I3) 


without  formation  of  BeClp-monoetherate,  It  was  suspected 
that  cleavage  of  ether  might  contribute  to  the  chloride 
Impurity.  Accordingly,  the  thermal  behavior  of  BeCl2:2Et20 
was .  Investigated  under  the  conditions  of  the  disproportion¬ 
ation  of  CBH. 

Dissociation  of  BeCl2:2£t20  with  removal  of  Et20  as 
soon,  as  It  Is  formed  gave  one  mole  of  EtoO  per  mole^of 
adduct  according  to  (Eq.  10)  without  formation  of  EtCl. 
However,  when  the  decomposition  was  carried  out  In  a  closed 
system  at.up  to  113ti.  (without  ether  removal)  ethyl  chloride 
formation  was  observed.  Consequently,  the  decomposition 
was  studied  at  various  temperatures  to  determine  the  lowest 
temperature  at  which  the  roonoetherate  can  be  formed  without 
Inducing  ether  cleavage.  Thus,  the  dletherate  was  heated 
at  different  temperatures,  trapping  the  volatiles  at  -196*C., 
and  examining  the  condensates  for  the  presence  of  EtCl.  The 
results  are  shown  In  Table  IX. 

TABLE  IX 

Data  on  Thermal  Stability  of  BeClo;20Etg 
(initial  BeCl2:20Et2  -  12.3  mmoles) 


Heating  Heating  Et20  Evolved  »  Ratio  ^ 
Temp.,  *C.  Time,  hrs. _ mmoles _ Et20/BeCl2 

25.8  1.00  3.54  1.72 
30.5  1.00  5.77  1.25 
49.0  1.16  2.85  1.03 


a)  No  trace  of  EtCl  was  found  by  mass  spectra 

b)  Molar  ratio  Et20/^Cl2  In  the  residue 
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Theoe  data  Indicate  that  even  at  49*C.  the  adduct 
BeCl2:2Et20  readily  loaea  ether  to  form  the  monoethermta 
without  elimination  of  £tCl.  Additional  heating  of  the 
residue  (BeCl2:Et20)  at  for  1.0  hr.  gave  no  sign 

of  cleavage.  However,  continued  heating  at  76*C.  for  long 
periods  of  time  (24  hrs.)  resulted  In  considerable  amounts 
of  EtCl  elimination.  This  la  In  agreement  with  the 
previous  finding  on  the  fox*matlon  of  ethyl  chloride  when 
CBH-etherate  was  heated  at  85‘C.  (p.28  ).  Thus,  the  dis¬ 
proportionation  under  vacuum  should  be  conducted  at 
temperatures  lower  than  75®C. 

Disproportionation  of  Chlorobery Ilium 

Hydride  In  Solution _ 

Solvent  Effect  on  the  Disproportionation;  T5ie  study 
of  the  disproportionation  of*  CBH  In  solution  was  encouraging 
because  the  product  exhibited  Improved  properties  over  those 
obtained  by  vacuum-heating,  nie  disproportionation  In 
solution  rendered  the  product  BeH2  less  reactive,  more  com¬ 
pact  and  readily  flltrable  and  hence  easier  to  handle  than 
observed  previously. 

Etherates  of  ClBeH  and  BeCl2  dissolve  In  ether,  diphenyl- 
sulfide,  benzene,  toluene,  chlorobenzene,  1,2-dlchloroethane 
smd  dlchlorome thane.  Consequently,  the  disproportionation 
was  caiTled  out  In  these  solvents  with  the  objective  of 
obtaining  crystalline  BeH2. 

Heating  a  solution  of  CBH  In  Et20  produced  an  ether- 
insoluble  white  solid.  Infrared  spectra  of  the  solid  In 
Nujol  mulls  exhibited  a  Be-H  absorption  band  between  5. 60 
and  5.75  The  disproportionation  product  was  found  to  be 
sensitive  to  atmospheric  conditions.  An  Infrared  spectrum 
of  Its  KBr  pellet  made  under  atmospheric  conditions  resulted 
In  disappearance  of  this  band  and  appearance  of  an  0-H 
absorption  band.  This  spectrum  was  Identical  to  that  of 
Be  (OH; 2  Indicating  that  the  solid  hydride  had  hydrolyzed 
to  hydroxide.  This  was  confirmed  by  evolution  of  gaseous 
hydrogen  on  treatment  of  the  solid  with  dilute  aqueous  acids. 

Analysis  of  another  sample,  after  Soxhlet  extraction 
with  ether,  gave  a  product  analyzing  71.3  wt.Jti  BeHo  with  a 
ratio  of  H"  to  residual  Cl"  of  90. 5/1.0.  These  results 
Indicate  that  dimeric  CBH  undergoes  facile  ^sproportlonatlon 
In  liquid  media  which  dissolve  the  by-product  BeCl2:0Et2> 

The  conversion  of  ClfieH:20Et2  to  the  dimeric  form  tclBeB:0Et2)2 
was  found  to  be  a  prerequisite  for  the  disproportionation 
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Hie  disproportionation  reaction  In  BtoO  la- alow.  Only 
9 *5^  of  the  active  soluble  hydride  was  rendered  Insoluble  on 
heating  at  reflux  for  16  hrs.  Chloride  concentration  remain¬ 
ed  constant  indicating  that  the  disproportionation  step 
proceeded  as  anticipated.  The  product  was  X-ray  amorphous. 

In  dlphenylsulflde  the  disproportionation  gave  gelatinous 
products  difficult  to  filter,  wash  and  process.  However, 
treatment  with  polar  solvents  such  as  diethyl  ether  and  di¬ 
methyl  sulfide  resulted  In  transformation  from  a  gel  to  a 
powder  with  discrete  particles  which  could  be  readily  filter¬ 
ed,  extracted  and  transferred.  Although,  the  EtpO-treated 
products  had  better  flow  characteristics  than  the  gelatinous 
materials,  they  exhibited  amorphous  structure  toward  X-ray. 

Disproportionation  of  CBH:0Et2  In  benzene  and  toluene 
with  or  without  small  amount  of  biphenyl  also  produced 
amorphous  products. 

When  the  disproportionation  was  carried  out  In  1,2-dl- 
chloroethane  solvent  the  product  exhibited  considerable 
amount  of  crystallinity  toward  X-ray.  Analysis  of  a  sample, 
kept  for  several  weeks  In  a  glass  container  stoppered  with  a 
serum  cap,  gave  a  purity  of  BeH2.  It  Is  not  certain 

whether  the  X-ray  lines  are  derived  from  civotalllne  BeHo  or 
from  contaminants.  The  role  of  1,2-dlchloroethane  needs  to  be 
clarified. 

Use  of  1,1-dlchloroethane  as  a  disproportionation  medium 
was  explored  and  found  to  give  a  product  totally  amorphous 
to  X-ray  In  contrast  to  the  crystalline  product  obtained  In 
1,2-dlchloroethane . 

Other  solvents  tried  were  4,^' -dlchloroethyl  ether  and 
dilsopropyl  ether.  In  the  former  disproportionation  of  CBH 
could  not  be  effected  to  give  solid  products  even  upon  heat¬ 
ing  at  112®C .  At  this  temperature  darkening  of  solvent  was 
observed.  In  the  case  of  dilsopropyl  ether  the  dispro¬ 
portionation  of  CBH  gave  a  solid  product  highly  rich  In 
chloride  content  p*  ’sumably  forming  Insoluble  BeClo-lsoproDyl 
etherates.  ^ 


In  chlorobenzene  solvent,  no  evidence  of  CBH  dlsprop- 
portlonatlon  was  observed  as  shown  by  lack  of  solid  formation 
even  upon  heating  at  75’C.  for  8  hrs.  At  reflux  temperature 
(132*C.)  only  an  Insignificant  amount  of  solid  was  formed. 
This  Indicated  that  chlorobenzene  is  a  good  solvent  for 
CBH:0Et2  and  that  It  should  provide  a  good  medium  for 
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molecular  weight  determination  of  the  adduct.  Another  solvent 
In  which  the  disproportionation  could  not  be  effected  was  found 
to  be  dlchloromethane  which  should  also  be  a  good  medlxim  for 
determining  the  degree  of  association  of  CBH:0Et2. 

In  non-solvent  media  such  as  cyclohexane  and  kerosene, 
the  disproportionation  led  to  solid  products.  Soxhlet 
extraction  with  benzene  left  insoluble  amorphous  BeH2  with 
extreme  reactivity  toward  moisture  similar  to  that  exhibited 
by  the  product  obtained  from  vacuum-dlsproportlonatlon. 

These  results  point  to  the  specific  effects  of  various 
solvents  on  the  course  of  CBH  disproportionation  as  well  as 
the  nature  of  product. 

Effect  of  ^mperature  and  Time  of  Disproportionation 
on  the  Purity  of  fleH2:  In  addlilon  to  the  effecc  of  solvents, 

other  variables  such  as  temperature  and  time  of  disproportion¬ 
ation  seemed  to  Influence  the  purity  of  the  product  as  shown 
In  Table  X.  The  product  obtained  In  benzene  solution  at 
SO-SS'C.  after  16. 8  hrs.  of  reaction  time  had  a  maximum  purity 
of  75*3  wt.  %  BeH2,  compared  to  48,458  obtained  In  0.9  hrs. 

By  contrast  the  vacuum-dlsproportlonatlon  gave  70,958  at  80*C. 
and  85.158  at  58‘’C.  Attempts  to  Increase  the  purity  by  eon-t 
ducting  the  disproportionation  In  benzene  solution  at  a  lower 
temperature,  54*0.,  under  reduced  pressure,  gave  23.1  wt.58 
BeH2  with  a  ratio  of  H/C1“  of  6.55. 

The  data  of  Table  X  showed  that  the  atomic  beryllium 
distribution  In  the  Isolated  products  reached  up  to  96  mole  58 
BeH2,  3.22  mole  58  BeCl2  and  O.78  mole  58  of  Be++  boiuid  to 
anions  other  than  Cl~.  It  was  observed  that  the  product 
retained  Et20  as  evidenced  by  mass  spectral  analysis  conducted 
on  the  gaseous  products  resulting  from  hydrolysis.  Ethane 
was  also  detected  Indicating  cleavage  of  the  ether  by  the 
heat  generated  during  acid  hydrolysis.  This  result  Implied 
that  the  ether  underwent  cleavage  by  Be-H  bonds  rather  than 
by  Be-Cl  bonds.  Efforts  were  directed  to  remove  the  residual 
Be-Cl  Impurity  which,  most  likely,  provides  the  sites  for 
ether  coordination. 
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Removal  of  Retained  Ether;  The  retained  ether 
probably  coordinates  with  the  hydride  at  terminal  positions, 
thereby  preventing  build-up  of  long  chains  of  polymeric 
beryllium  hydride. 


H.  .OEt, 

>e;^  ..Re  .Be‘ 
Et20'^  E  H 


In  view  of  the  fact  that  linear  high  polymers  are 
generally  crystalline  materials,  it  Is  likely  that  long 
linear  chains  of  (BeH2)n  will  assume  crystalline  structure. 
Accordingly  methods  were  sought  to  remove  the  ether  thereby 
permitting  linear  chain  growth. 

Two  methods  for  the  removal  of  the  ether  were  Investi¬ 
gated:  (a)  Ihermal  dissociation,  and  (b)  Chemical  displace¬ 
ment  with  hydride  reagents . 

Themal  Dissociation;  In  order  to  remove  ether, 
the  thermal  beHavi'or  of  the  linkages  'BeH2 ; OEt?  (retained  ether) 
and  £toO:BeHCl  (residual  Cl~)  was  studied  by  subjecting  the 
products  to  pumping  at  various  temperatures  (97-177*0.).  The 
study  showed  that  the  extent  of  ether  removal  depends  on  the 
temperature  and  time  of  heating.  The  results  are  shown  In 
Table  XI. 


The  data  of  Expt.  198  show  that  subjecting  a  sample  of 
BeH2  to  pumping  at  100°C.  for  4  hrs.  left  a  hydride  residue 
with  72  wt.ji  BeH2,  and  an  ether  content  of  4.47  wt.  %  Et20 
(evolved  on  hydrolysis).  Heating  another  sample  at  97*  for 
16  hrs.  under  vacuum  (Expt.  194)  removed  considerable  amount 
of  the  ether  leaving  a  product  with  1.46  wt.  Et20  but  de¬ 
creased  the  purity  to  68.8^  BeH2>  'Hils  result  was  traced  to 
side  reaction  Involving  ether-cleavage  producing  Involatlle 
Be-OEt  bonds  with  liberation  of  ethane  and  small  amount  of 
ethyl  chloride  (Expt.  199).  Ihese  vapors  Including  ether  and 
benzene  were  condensed  In  traps  cooled  by  liquid  N2  and 
finally  analyzed  by  mass  spectra. 


In  Expt.  201  a  product  obtained  from  CBH  disproportion¬ 
ation  at  34*C.  In  benzene  solution  suffered  considerable 
cleavage  reaction  when  vacuum-heated  for  47  hrs.  at  104*C.  as 
shown  by  an  Increase  In  the  percenteige  of  ethane  and  ethyl 
chloride  and  a  decrease  in  the  purity  to  23.1)(  BeHo.  Thus, 

It  Is  evident  that  the  product  could  not  be  freed  from  re¬ 
tained  ether  by  thermal  means,  since  the  Involatlle  cleavzige 
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products,  Be-OEt  bonds,  render  the  hydride  Impure.  Con¬ 
sequently  chemical  means  were  Investigated  to  displace  the 
ether  and  residual  chloride. 

Chemical  Displacement  of  Ether  with  Hydride  Re¬ 
agents  ;  It  Is  known  that  hydride  reagents  displace  ligands 

such  as  Et20  and  NMe3  from  their  adducts. 5 


H'  +  R2BeOEt2  - >  R2BeH"  +  Et20  (Eq.  14) 

NaH  +  Et2BeNMe3  - >  NaEt2HBe  +  M03N  (gq.  15) 


Therefore,  the  action  of  hydride  reagents  was  explored  as  a 
means  to  remove  chloride  and  ether  Impurities  In  accordance 


with  the  following  equations: 


V  ^C1 

LIH  +  Be  ^  . 

rX  -OEt 


LIH  +  ^Be  Be 

H  -H'  ''OEtg 


•>  Bef  Be .  +  UCI 

H''  ^H''  ■  OEtg 

(Eq.  16) 


(Eq.  17) 


Reduction  with  ether-soluble  hydrides  such  as  LlBHh  and 
LIAIH4  was  briefly  examined 


(5) 


Bell,  N.A.,  and  Coates,  0.  E.,  J. 
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Reaction  with  Llthliun  Borohydrlde;  Prellalnary  re- 
Bulta  with  L1BH4  Indicated  incorporation  of  group#  to  the 
BeH2  structure  without  retention  of  Ll^  Ions.  '^Treataent  of 
an  Impure  product,  55-2  wt.  ft  BeHo,with  LlBHi.  In  BtoO.  in¬ 
creased  the  purity  to  8O.O  wt.jJ  bSsed  on  BeH2  (as  10^).  Its 
atomic  ratio  of  H/Be  was  2.28  Indicating  a  composition 
(BeH2)21 *B2H6.  Itie  residual  chloride  content  decreased  from 
an  initial  value  of  26.7  to  12.9  wt.  ft  Cl.  The  retained 
ether  amounted  to  0.3  wt.J<  (C.H_)-0. 

252 

The  experimental  results  are  presented  in  Table  XI  for 
comparison.  Expt.  192  shows  results  obtained  with  a  product 
treated  with  LIBH4  at  52*C.  followed  by  Soxhlet  extraction 
with  ether.  Heating  of  the  product  at  177*0.  in  a  closed 
system  for  18.5  hrs.  decomposed  the  hydride  co  metallic 
beryllium  and  gaseoue  hydrogen.  The  pyrolytic  Ho  was 
measured  and  the  solid  was  hydrolyzed  to  release  hydrolytic 
H2*  About  46. 55^  of  the  Initial  hydride  underwent  decompo¬ 
sition  showing  that  hydride  was  unstable  at  177*0,  The  data 
of  Expt.  177  (Table  XI)  show  results  related  to  the  reaction 
of  LIBH4  with  a  sample  of  BeH2  (prepared  from  CBH  dispro¬ 
portionation  In  refluxing  benzene  at  80-8l*C.)i  In  this 
experiment  the  product  was  treated  with  an  ether  solution  of 
LlBHj^  at  25*0.,  Soxhlet-extracted  with  ether,  pumped  at  25*0. 
to  remove  most  of  the  solvent  and  finally  heated  at  142*0. 
for  17.5  hrs.  The  Volatile  gases  were  condensed  at  -196*0. 
and  measured.  The  -196  condensate  consisted  of  59.05<  EtpO, 
32.0*  C2H5  and  0.2  O2H5OI  pointing  to  ether  cleavage 
at  146*0.  forming  EtO-Be  bonds  which  account  for  the  observed 
low  purity  of  46.2  vt.ft  SeHo.  The  chloride  and  ether 
contents  were  15.I  wt.ft  01  and  0.5  wt.Jt  (02H5)20. 


of  Incorporating  BH3  groups  as  well  as  Imparting 
thermal  Instability  to  the  final  product,  vise  of  t.i bhii  as  a 
reagent  for  removing  ether  and  chloride  Impurities  was 
suspended. 


.-1-  ox...  j  Action  of  Lithium  Aluminum  Hydride;  Treatment  of 

the  OBH  disproportionation  product  with  LIATH4  In  ether 
solutions  diminished  both  the  residual  chloride  and  ether 
ij^th  little  or  no  retention  of  lithium  and  aluminum  lone* 
TOils  treatoent  led  to  an  Increase  In  the  atomic  ratio  H/Cl 
from  107^  to  142/1  and  a  decrease  In  the  ether  content  from 
9.16  to  0.86  vt.ft  C2H5O. 


In  this  experiment,  a  product  having  a  purity  of  77 
wt.^  BeH2  was  treated  with  LiAlH4  In  ether  solution  in  a 
sealed  bulb  at  54  C.  (bath  temperature)  for  16  hrs.  The 
solid  residue  was  extracted  with  ether  to  remove  soluble 
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chloride.  The  ether  solvent  was  vaouun-dlstllled  at  rooa 
tenperature  and  the  solid  was  finally  heated  under  vacutaa 
at  130*C.  for  12  hours.  The  product  was, then  weighed  in 
a  dry  box  for  analysis.  Comparative  results  obtained  with 
and  without  LIAIH4  are  given  In  Table  XII. 


TABLE  XII 


Effect  of  LIAIH4  on  the  Residual  Chloride  Content 
In  BelLp  Obtained  from  the  Disproportionation  of  nwH 


EQfli 

Sample 

Wt., 

mg. 

Weight  Percent 

Atomic  F 

tatlos 

11  *  73.0  77.70  5.47  7.67  9.16®  1.94  107.5  1.96 


12  ^  35.0  69.3*  3.44  2J.10  0.86^  1.82  142.2  I.89 


ia)  Before  treatment  with  LIAIH4. 

b)  After  treatment  with  LIAIH4  at  54®C. 

c)  Determined  by  difference, 

d)  Determined  by  vapor  phase  chromatography 
on  the  hydrolysate. 

(e)  The  solid  contained  undetectable  amount  of  Ll"^ 
and  small  amount  of  Al"'’-^  (0.4  mg.)  as  shown  by 
spectrographlc  analysis. 


Althoiigh  a  decrease  In  the  ether  and  chloride  was 
observed  (Table  XII),  the  purity  suffered  a  decrease  from 
77.7  to  69.3  wt.  ^  BeHo.  This  was  attributed  to  possible 
attack  by  moisture  during  work-up.  Isolation  and  sampling 
of  the  final  product  as  shown  by  a  decrease  In  the  atonic 
ratio  of  H/Be  from  1.94  to  1.82  and  of  (h+CI);^  from  I.96 
to  1.89.  This  Is  In  contrast  to  the  theoretical  value  2.00 
for(H4Cl)/Be  If  exposure  to  moisture  Is  avoided.  From 
these  observations  It  was  not  certain  whether  the  decrease 
In  ether  content  was  related  to  displacement  by  hydride 
lone  (H“)  or  to  hydrolysis. 
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It  was  surprising  to  note  that  treataent  with  LiAlH4 
led  to  diminution  In  both  residual  chloride  and  ethel*  with¬ 
out  retention  of  lithium  Ions.  Displacement  of  ether  from 
the  BeHo  product  was  expected  to  result  In  the  Incorporation 
of  lithium  hydride  as  represented  by  Eq.  17.  The  absence 
of  lithium  Ions  In  the  product  Indicates  that  the  ether 
lost  was  not  due  to  displacement  by  lithium  hydride.  Dls-- 
placement  of  the  ether  via  formation  of  new  hydrogen  bonds 
with  concomitant  Increase  In  molecular  weight  of  the  (BeH2)n 
polymer  provides  an  alternate  explanation  which  fits  the 
observations.  It  might  also  be  possible  that  the  lithium 
content  was  too  small  to  detect. 


It  Is  recommended  that  the  action  of  LlAlHji^  should  be 
further  Investigated  toward  obtaining  chloride-  and  ether- 
free  BeHg. 

Effect  of  1 .2-DlchloroethMae;  Of  all  the  solvents 
tried  (p.  35^-3ITfor”'tEe1ff8proportIonatlon  of  CBH  only 
1,2-dlchloroethane  gave  a  crystalline  product  toward  X-ray. 
Initial  experiments  with  1,2-dlchloroethane  gave  a  product 
containing  high  resldxial  chloride  content  (H/Cl  >  8.6). 

This  ratio  was  Improved  to  5lA  treating  the  product 
with  LlAlHh  In  ether  solvent  at  55*60*0.  The  purity  how¬ 
ever,  was  34.1  wt.)t  BeHg.  Some  of  the  Impurities  were 
Identified  to  be  Et20  \hy  vapor  phase  chromatography)  and 
LlCl  (by  X-ray  diffraction).  Retention  of  the  latter  In  this 
sample  may  be  due  to  Incomplete  extraction  with  Et20.  The 
X-ray  diffraction  pattern  exhibited  a  number  of  lines  In 
addition  to  those  attributed  to  LlCl.  In  efforts  to  deter¬ 
mine  the  origin  of  these  lines  It  was  suspected  that 
BeCl2:0Et2.  a  by-product  In  the  CBH  disproportionation 
step  (Eq.  2)  could  be  Insoluble  In  1,2-dlchloroethane  and 
hence  It  would  constitute  a  crystalline  contaminant.  How¬ 
ever,  It  was  found  that  BeCl2:0Et2  was  completely  soluble 
In  1,2-dlchloroethane  under  the  conditions  of  CBH  dispro¬ 
portionation  and  that  the  X-ray  pattern  of  the  product 
excludes  presence  of  BeCl2:0Et2.  Other  suspected  Impurities 
such  as  BeCl2:2Et20,  Be(OH)  ,  BeC03:4H20  and  BeO  haV9  been 
excluded  from  the  X-ray  lines.  These  observations  are 
encouraging  In  that  the  observed  X-ray  lines  might  be  relat¬ 
ed  to  crystalline  BeH2. 

It  Is  also  possible  that  the  observed  X-ray  diffraction 
might  be  related  to  residual  Be-Cl  bonds  Incorporated  In  a 
crystalline  structure: 


Hv  ^C1 
^Bd  ^Be 


"  Be  “^Be"”^-" 

-K''  ^H-^  ^H^  "H 
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It  waa  hoped  that  treatnent  with  LIAIH4  wight  trmnsfon 
the  residual  Be-Cl  bonds  to  the  corresponding  Be-H  bonds 
without  alteration  In  the  basic  structure  of  the  poljrwer. 
Thus,  It  was  observed  that  treatnent  of  the  product  result¬ 
ing  from  CBH  disproportionation  In  1,2-dlchloroethane  with 
LIAIH4  gave  a  different  X-ray  diffraction  pattern  than 
that  obtained  without  LIAIH4. 

Further  work  is  necessary  to  determine  the  effect  of 

1.2- dlchloroethaae  on  the  course  of  disproportionation  and 
of  LlAlHi^  on  the  nature  of  the  final  product. 

Effect  of  Nucleatlon  with  Crystalline  BeH2  on  the 
Nature  of  the  CHK  Disproportionation  Product _ 

CBH  disproportionation  was  carried  out  In  benaene, 
toluene,  diphenyl  sulfide,  chlorobenzene,  chloronethane , 

1.2- dlchloroethane  In  the  presence  of  a  few  nuclei  of 
crystalline  BeH2  (obtained  from  Ethyl  Corporation).  t^h<« 
far,  the  disproportionation  In  the  presence  of  a  few  seeds 
of  phase  378  gave  amorphous  products  with  the  exception  of 

1.2- dlchloroethane.  In  this  solvent  with  or  without  seeding 
the  products  had  similar  X-ray  dlf^^rs'itlon  patterns.  It 
seems  that  seeding  had  no  effect  oa  the  natuire  of  the 
product. 


Watye  of  Cemplexlng  Agents  for  CBH;  A  study  of 
complexlng  ClBeH  with  Lewis  bases  of  different  coordination 
strength  toward  the  central  Be  atom  might  lead  to  a  dis¬ 
proportionation  system  to  produce  crystalline  berylllun 
hydride . 

Be  Pe  BcHo  +  Z;BeCl2  +  z  (Eq.  18) 

Z-  ^Cl*'  ^C1  C  C  X--.  / 

Benzene  Benzene-  Benzene- 

Soluble  Insoluble  Soluble 


where  Z  -  EtgO,  Me2S,  Ne20,  Ne^N. 


The  products  obtained  from  *-he  disproportionation  of 
ClBeH:  0Et2,  ClBeH: SNeo^,  and  ClBeH:  ONeo  under  vacuum  were  all 
amorphous  to  X-ray.  This  Indicated  that  coordination  of  ClBeH 
with  different  ligands  such  as  EtgO,  NS2S,  and  NSoO  did  not 
alter  the  nature  of  the  disproportionation  product. 
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n>e  behavior  of  ClBeH:OStn  towax^l  trlaethFlaalne  waa 
Investigated  in  benzene  solution  with  the  hope  of  dlsplaelng 
ether  by  the  amine  with  alnultaneous  disproportionation  to 
soluble  BeH2:NNe2  and  slightly  soluble  BeCl2:ime3.o 

ClBeH:0Et2  +  ClBeH:lllle3  +  Et20  (Eq.  19) 


2ClBeH:MHe3  -<====::=■*■  BeH2:lfNe3  +  BeCl2:Nlle3  (Eq.  20) 

Soluble  Soluble  Insoluble 


To  test  this  hypothesis,  a  benzene  solution  containing 
ClBeH:0Et2  In  admixture  with  some  BeCl2:0Et2  was  treated 
with  trlmethyl  amine.  In  a  prallmlnary  experiment  the  dis¬ 
placement  proceeded  at  room  temperature  to  the  extent  of 
based  on  the  ether  evolved.  After  removal  of  the  ether  and 
cooling  of  the  benzene  solution  to  lO’C.  a  small  amount  of  a 
crystalline  solid  deposited  which  gave  no  hydrogen  on 
hydrolysis,  but  the  hydrolysate  contained  Be++  *nd  Cl"  ions. 
Tlie  benzene  solution  contained  both  Be-H  and  Be-Cl  bonds 
Indicating  that  the  Intermediate,  ClBeH:H(le3,  If  formed,  did 
not  undergo  disproportionation  as  expected, 

Attempted  transformation  of  Amorphous  to  Crystalline  BeHg 

Other  areas  related  to  possible  transformation  of 
amorphous  BeH2  to  cirystalllne  product  wore  briefly  examined. 
These  are: 

(1)  Solubilizing  agents  for  BeH2,  e.g.,  BeClj>:20Eto, 
ClBeH:20Et2,  ClfieH:2SNe2  and  BeH2:NNe3. 

(2)  Dissociation  of  BeH2:NNe3  In  the  presence  of 
sodium  hydride. 

(3)  High  shear  extrusion  of  amorphous  BeH2  suspended 
In  molten  polystyrene. 

Effect  of  Solubilizing  Agents;  Digestion  of 
amorphous  SeH2  In  mixed  benzene-ether  solvents  containing 


(6) 


Ethyl  Corp.,  Quarterly  Progress  Report  Mo.  2,  contract 
AP  04(611)-9888,  p.  5,  August-October  1964. 
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•mil  uiounts  of  solubilizing  agunts' Buob  as  BeClotOBto. 
HBaCl:Slte2,  HBeCl:0St2  or  BeH2:MJte3  did  not  •fftoi  a 
noticeable  change  even  after  heating  at  lOO'C.  for  aeveral 
weeks . 


Dissociation  of  BeHatMWe^  In  the  Presence  of 
Hydride  Reagents;  Ussoclatlc^bf  M2tllb3  Is  known  to 
proceed  according  to  the  equlllbrlua, > 


BeH2:Klle3  -^zzzzzzz->  BeH2  +  Mlle3  (Bq.  21) 


and  since  hydride  reagents  are  known  to  displace  ligands 
such  as  Nlfe3  and  Et20  from  their  adducts  e.g.. 


NaH  +  lle3N:AlH3  - HaAlH4  +  Nlfe3  ®  (Bq.  22) 

HaH  +  Et2Be:Nlle3 - ->  NaBt2HBe  +  Me3N  5  (gq.  23) 


It  was  hoped  that  use  of  catalytic  anounts  of  NaH  or  LIAIH4 
as  Initiators  for  the  dlsplacenent  of  HMe3  fro«  the  adduce 
Me3N:BeH2  might  produce  Ionic  sites  which  might  polymerize 
BeH2 


Me3N.  yH 

n  -"  Be  ^ .  +  2NaH 

H/  'NNe3 


(Bq.24) 


It  Is  hoped  that  the  Ionic  sites  could  propagate  linear 
polymerization  of  BeH2  chains  wltli  crystalline  structure. 
Thus,  the  dissociation  of  BeH2:Nlle3  (obtained  from  Bthyl 
Corporation)  was  studied  In  benzene  solution  In  the 


(7)  Ethyl  Corporation,  Annual  Technical  Summery  Report  No.  2 
Contract  AP  04(611)9376,  page  44,  June  1965. 

(8)  J.  K.  Ruff  and  N.  F.  Hawthorne,  J.  Amer.  Chem.  Soc..  83. 
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presence  of  NaH.  Only  small  amounts  of  solid  were  obtained 
at  room  temperature.  However,  carrying  out  the  dissociation 
at  reflux  temperatures  Increased  the  amount  of  solid. 
Unfortunately,  the  product  was  amorphous  to  X-ray  except  for 
diffraction  lines  attributed  to  pqsslble  Impurities  In  the 
hydride  reagent  used.  It  Is  of  Interest  to  note  that 
BeH2:NNe3  underwent  dissociation  Into  Its  components  In 
ether  solution  at  reflux  even  In  the  absence  of  hydride  re¬ 
agents.  The  latter  type  of  reaction  to  produce  amorphous 
BeH2  may  have  proceeded  Instead  of  the  desired  Ionic  growth 
reaction. 

High  Shear  Extrusion 

The  amorphous  nature  of  the  hydride  polymer  may  be  due 
to  the  short  chain  lengths  or  to  branching.  Since  linear 
high  polymers  are  generally  crystalline  materials.  It  Is 
likely  that  linear  chains  of  (fieH2)n  will  assume  crystalline 
structure.  Accordingly,  an  attempt  was  made  to  linearize 
the  ^drlde  product  by  stretching  It  through  a  small  orifice 
at  180  C.,  hoping  to  attain  a  crystalline  structure.  At 
this  temperature  crystallization  of  the  hydride  was  not 
realized.  High  shear  extrusion  at.  higher  temperatures  may 
be  required  to  effect  the  desired  transformation. 
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Materlala;  Aro  sourcaa  of  BaCl2  wara  uaad:  (a)  BaCl2- 
etharata  praparad  by  raactlng  oatalllo  barylllua  with 
hydrogan  chlorlda  In  anhydroua  athar  according  to  tha  known 
reaction. 


Ba  +  2HC1  -t-  Bt20 - >  fiaCl2(Et20)  +  H2  (Bq.  ) 


The  product  had  a  ratio  of  Cl/^  m  I.935.  (b)  Barylllua 

chloride  obtained  froa  Bruah  Mrylllua  with  99.  8J<  purity. 
SodluB  hydride  auapenalons  In  heptane  or  In  keroaana  (lo.l59t 
NaH)  waa  prepared  In  thla  laboratory  with  ratloa  of  H^a 
of  0.95  to  1.00. 

Syntheala  of  CBH  In  Dletl^l  Bther  Solvent:  In  a  typical 
exparlnant,  a  aolutlon  of  49.4  nmol ea  of  daCl2  In  IO6.6  g.  of 
ether  waa  treated  with  a  auapenalon  of  47.3  nonolaa  of  NaH  In 
keroaana.  The  reaction  mixture  waa  stirred  with  a  magnetic 
atlrrar  at  room  teoperatuira  for  13.73  hra.  It  waa  than 
filtered,  and  the  solid  phase  was  washed  twice  with  fresh 
ether,  and  the  filtered  washings  combined  with  the  main 
filtrate.  The  volatile  materials  were  distilled  off  under 
high  vacuum  leaving  a  clear  residue,  consisting  of  two  color¬ 
less  liquid  layers  with  the  upper  layer  being  kerosene. 
Hydrolytic  analysis  of  the  bottom  layer  gave  32.38  mmoles 
of  hydrogen,*  44.70  mmoles  Be,  38.67  mmoles  Cl' and  no  sodium. 
These  data  show  that  the  ether  solution  consisted  of  32.38 
mmoles  CBH  and  6. 07  mmoles  of  unchanged  BeCl2.  Thus,  the 
conversion  to  CBH  was  68.9$(  based  on  Initial  NaH.  The  ratio 
of  (Cl  -f  H)/Be  was  2.04  In  close  i^reeaent  with  the 
theoretical  value  2.00  for  a  mixture  of  ClBeH  and  BeCl2. 

Analysis  of  the  solid  phase  disclosed  presence  of  9.39 
mmoles  of  unreacted  NaH  and  40.10  mmoles  of  NaCl.  The 
hydride  balance  showed  that  3 >13  mmoles  of  hydride  (or 
lO.Qjt  of  total  hydride)  was  unaccounted  for  and  presumably 
deposited  as  BeH2  during  step  1. 

•  Passed  through  4  tJ- tubes  held  In  liquid  H2,  collected  by 
a  Toepler  pump  into  a  flask  of  calibrated  volume  and 
measured.  The  H2  was  Identified  by  combustion  with  CuO 
at  273-300"C.  to  give  H2O. 
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Ponnatlon  fro»  the  Reaction  of  ll«H  with 
BeClg  in  uietnyi  Bther;  ZE  ihla  aiudy  •  alxtur*  of  sodlua 
hyarlda  ana  Derylllua  chlorlda  In  ather  waa  attrltad  with 
steel  balla  In  a  glaaa  reactor  for  apaciflad  Intarvala  of 
time.  The  reaction  mixture  waa  allowed  to  atand  for  a  few 
mlnutea  to  permit  aettllng  of  the  aolld  phaae.  A  aaaple 
of  the  clear  liquid  phaae  waa  withdrawn  periodically  for 
analyala  of  aoluble  active  hydride  and  chloride.  After  all 
cfthe  liquid  fractlona  were  withdrawn,  the  aolld  phaae  waa 
filtered  and  extracted  with  freah  ether.  The  ether  extract 
waa  alao  analyzed.  The  reaulta  of  a  typical  experiment  are 
preaented  In  Table  XIII. 

TABLE  XIII 

Rate  Study  of  the  Formation  of  Chloroberyllluni  Hydride 
from  the  Reaction  of  Beryllium  Chloride  with  Sodium  Hydr'.de 
In  Diethyl  Ether  at  Room  Temperature.  (Initial  amounta: 
BeCl2,  66.7  mmolea,  MaH,  62.8  mmolea.  Solvent:  BtoO. 

104.1  g.;  keroaene,  6.8  g.) 


The  ratio  H  /Cl  In  aolutlon  Increaaed  with  tloM  reach¬ 
ing  a  maximum  value  of  0.693  an  Interval  of  45.4  hre. 

The  ratio  decreased  to  0.^2  after  an  Interval  of  1  0.  .  hra. 
It  la  evident  that  CBH  undergoes  very  slow  change  ovc::  ex¬ 
tended  periods  of  time  at  room  temperature  In  diethyl  ether. 

Composition  of  the  Solid  Phase:  Hydrolytic  analysis 
showed  that  the  ether-insoluble  solid  contained  8.88  moles 
of  unreacted  NaH  (14.15<  of  Initial  MaH),  54.33  nmoles  of 
MaCl  and  6.64  mmoles  of  Be.  The  ratio  of  undetected  hydride 
(11.61  mmoles  by  total  hydride  balance)  to  tlie  Be  was  1.75, 
Indicating,  again,  formation  of  BeH2  during  step  (1). 

Infrared  spectra  on  the  solid  before  hydrolysis  had  a  Be-H 
absorption  of  5.8  >i. 
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R*te  of  Pofatlon  of  CBH  fro«  th«  Reaction  of  M«H  with 
BeClgiZOBtg  In  Aro—tlc  Sol  van  tt;  typts  of  apparatus 

were  used  -  ij  A  250  al.  4-neck  Norton  flask  proTlded  with 
an  electric  stirrer  fitted  with  a  Teflon  sleeve,  a  water 
cooled  condenser,  a  therwoaeter,  and  a  serua  cap  for  saaple 
withdrawal,  (b)  A  2-llter  stainless  steel  reactor  (Parr 
bomb}  equipped  with  2-lnch  diameter  Oowlas  dlspersator,  a 
dip  tube  for  sample  removal,  a  thsmodouiAe well  and  a  heat¬ 
ing  mantle. 

In  this  study  a  suspension  of  sodium  hydride  In  kero¬ 
sene  was  added  to  a  stirred  solution  of  BeClg -ethers te  In 
bensene,  toluene  or  ether  at  a  certain  temperature. 

Samples  of  the  reaction  mixture  were  withdrawn  periodically, 
weighed,  filtered,  and  the  clear  filtrates  analysed  for 
soluble  active  hydride  and  beryllium.  The  hydride  content 
was  determined  by  lodlmetrlc  titration  and  the  beryllium  by 
the  cciiventlonal  precipitation  as  Be(QH)2  and  Ignited  to  the 
oxide.  The  ratios  of  soluble  hydride  to  beryllium  were  then 
plotted  vs.  time  (Pig.  2).  Experimental  details  are  given 
in  Table  XIV. 

Rate  of  Formation  of  CBH  In  Me2S;  In  this  study  a 
mixture  of  Has  and  BeClg  was  stirred  with  steel  balls  in  a 
glass  reactor  for  specified  Intervals  of  time.  Samples  of 
the  reaction  mixture  were  withdrawn  periodically,  filtered 
and  the  clear  liquid  phase  was  analyzed  for  soluble  active 
hydride  content.  The  data  of  a  typical  experiment  Is  shown 
In  Table  XV. 

TABLE  XV 


Rate  of  Formation  of  CBH  In  Dimethyl  Sulfide 
BeClg  +  MaH  — >HBoCl  +  HaCl 


Time,  hrs.  3.42  4.25  5.42  7.08  12.58  25,80  50.33 

ft  Conversion  17.8O  25.50  25.20  24.15  23.00  21.10  20.15 

to  HBeCl 


These  data  are  plotted  in  Fig.  1.  The  shape  of  the 
curve  obtained  from  plotting  ft  conversion  vs.  tlmm  Indicates 
occurence  of  two  consecutive  reactions.  The  first  portion 
of  the  curve  represents  rate  of  formation  of  CBH,  and  the 
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rlaental  Details  on  the  Rate  of  CBH  Fomatlon  In  Aromatic  Solventg 
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last  repreaenta  rate  of  conauaptlon  of  CBH  due  to  either  dla- 
proportlonatlon  to  Inaoluble  BeH2  or  further  reaction  of  CfiB 
with  NaH.  A  alnllar  peaked  cui>ve  oeeura  when  Bt20.  la  the 
aolvent  although  at  higher  converalon  level.  In  NeoS  the 
maxlnun  converalon  of  NaH  to  CBH  la  25.5fl  at  4.25  houra.  In 
contraat  to  74]^  obtained  In  BtaOat  30  houra.  Thla  Indloatea 
bhat  Ne2S  aolvent  la  unaultable  for  CBH  produ«.tlon  but  It 
would  be  more  aul table  for  extracting  BeCl2:0B^. 

Preparation  of  ClBeHxOEto;  Solutlona  of  ClBeH:20Bt2 
were  prepared  routinely  froa  the  reaction  of  NaH  (auapended 
In  benzene)  with  aolutlon  of  BeCl2:2QBt2  (l  Bolal)  In 
benzene  at  50-60*C.  The  reaction  alxture  waa  filtered  and 
the  clear  filtrate  vacuum-dlatllled  at  rooa  teaperature  to 
atrip  the  aolvent  and  any  ether  of  dlaaoclatlon.  Thla  leavea 
a  allghtly  vlacoua  liquid  conalatlng  of  ClBeH:0Bt2  with  aaall 
aaounta  of  unconverted  BeCl2:0Et2.  aa  ahown  below. 

Evidence  for  the  Kxlatence  of  CBH-Dletheratei  An  ether 
aolutlon,  49  g.,  containing  31.3  naoiea  of  chloroberylllua 
hydride  and  16.0  aaolea  of  herylllua  chloride,  waa  cooled  to 
-78*C.  and  puaped  for  17  hra.  to  reaove  unbound  ether.  The 
realdue  waa  then  puaped  at  0*C./10"5  aa.Hg.  for  1.0  hr.  The 
weight  of  the  final  realdue  waa  9>72  g.  In  cloae  agreement 
with  9<44  g.  calculated  for  31. 3  mnolea  ClBeH:2Bt^:  aiid 
16  mmolea  BeCl2:2Et20, 

Evldroce  for  the  Bxlatence  of  ClBeH-Monoetherate; 

Evidence  for  the  exlatence  of  ClBeH-nonoetharate  haa almllarly 
been  aubatantlated.  A  benzene  aolutlon  containing  known 
amounta  of  ClBeH:2£t20  (23.25  mmolea)  and  BeCl2:2Bt20  (5.65 
mmolea)  waa  alowly  pumped  at  25*C.  under  lilg^h  vacuum  (10-4  bm 
Hg)  to  reaove  the  aolvent  and  any  ether  of  dlaaoclatlon. 

The  weight  of  the  realdue  waa  found  to  be  (3.68  g.)  In  good 
agreement  with  the  total  weight  calculated  (3.65  g.)  for  the 
uonoetheratea,  l.e.,  23.25  aaolea  of  ClBeHrOBto.  and  5.65 
mmolea  of  BeCl2:0Et2.  The  molar  ratio  of  Bt207&e  waa  1.02 
In  contraat  to  the  theoretical  value  1.00  for  the  mono- 
etheratea. 

Upgrading  of  Cl^H;0Et9;  The  vlacoua  liquid  obtained 
above  waa  aeeded  with  preformed  BeCl2:0Et2  and  cooled  to 
0*C.  depoaltlng  a  cryatalllne  aolld  which  can  be  readily 
centrifuged.  Analyala  of  the  aupematent  llqiild  gave  ratloa 
of  Cl:Be:H  of  1.01:1.00:1.04  and  1.02:1.00:0.98  In  contraat 
to  theoretical  valuea  1:1:1  for  ClBeH.  Compoaltlon  of  the 
aolld  phaae  waa  not  determined. 
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DlBproportlonttlon  of  ClBeHiOBtg  Onder  Yacwmi>  Solutlbht 
of  ClB«H:2Bc20  in  various  sbivents  luen  as  ettiar,  bBnsana  or 
toluene  were  vacuum-distilled  at  room  temperature  to  strip 
the  solvents  and  any  ether  of  dissociation.  TWo  colorless 
liquid  layers  were  obtained.  The  upper  phase  was  found  to 
be  kerosene.  The  bottom  phase  consisted  of  a  mixture  of 
fflonoetherates,  ClBeH:0Et2  and  unconverted  BeCl2:0Bt2.  The 
fflonoetherates,  freed  from  kerosene  by  decantation,  were  sub¬ 
jected  to  various  disproportionation  temperatures  under  high 
vacuum  to  give  white  solid  products.  The  products  were  then 
digested  with  various  solvents,  e.g.,  toluene,  bensene  and/or 
dimethyl  sulfide.  The  Insoluble  solids  were  filtered  and 
washed  with  fresh  solvents  or  subjected  to  Soxhlet  extrac¬ 
tions.  Residual  solvents  were  removed  by  vacuum-heating  at 
100-125*0.  The  final  products  were  analysed  for  active 
hydrogen,  beryllium  and  residual  chloride.  Results  of 
representative  experiments  are  recorded  In  Tables  V  to  VII. 

Disproportionation  of  ClBeVsOBtg  In  Solution;  Samples 
of  CBH:0Bt2  were  added  to  various  solvent  and  nonsolvent 
media  (bensene,  toluene,  ehlorobensene,  diphenyl  sulfide, 
dl chi orome thane,  1,2-dlchloroe thane,  cyclohexane,  kerosene). 
The  reaction  mixtures  were  then  slowly  subjected  to 
fractional  distillation  at  one  atmosphere  to  partially  re¬ 
move  coordinated  ether.  The  distillations  were  terminated 
when  evolution  of  ether  had  ceased.  The  solid  products 
were  filtered  and  Soxhlet-extracted  with  benzene,  ether  and/or 
dimethyl  sulfide  until  free  of  soluble  chloride  Ions.  Removal 
of  residual  solvents  was  carried  out  by  vacuum-heating  at 
110*  to  130"C.  overnight.  The  products  were  finally  trans¬ 
ferred  to  a  dry-box  filled  with  nitrogen  (6-15  ppm  moisture) 
for  loading  Into  capillary  tubes  for  X-ray  diffraction  tod 
for  chemical  analysis. 

The  samples  were  mounted  In  a  Debye  Scherrer  camera  and 
exposed  to  nickel-filtered  copper  radiation  for  6  hrs.  The 
spectrographlc  settings  were  45  kv,  15  ma.  The  capillaries 
were  rotated  during  the  entire  exposure  time.  All  diffraction 
patterns  contained  an  amorphous  halo  at  4.13*A  with  the 
acceptlon  of  the  disproportionation  product  obttoned  In 
1,2-dlchloroethane  solvent.  This  product  exhibited  a  number 
of  diffraction  lines  In  addition  to  a  faint  halo  at  4.13*A. 
This  experiment  was  repeated  gnd  the  product  gave  the  same 
X-ray  diffraction  pattern.  Origin  of  the  X-ray  lines  has 
not  yet  been  determined. 
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The^raaetion  *?**?**  nmolea  of  NaH  suapended  In  heptane, 
me  reaction  mixture  waa  heated  In  a  dlatlllatlon  aoDaratua 
wder  argon,  "nie  dlatlllatlon  waa  atopped  when  the  head 

J**°*'*'*  78*C.  The  reaction  mixture  wda  filtered 
and  the  aolld  was  extracted  with  benzene  for  16-1/2  hra 

showed  a  halo  at  a  d  ^clng  of 

refluxlM°ethAi°«-,?n-?^*  adduct  In  the  absence  of  NaH  In 

refluxing  ether  solution  aiao  gave  an  amorphous  product. 

When  catalytic  amount  of  LIAIH4  was  used  as  the  hydride 
reagent,  only  a  small  eunount  of  solid  was  formed. 

.  Displacement  of  Et20  from  CBHrOEto  with  Trlmethyl  Amine- 
^  g.  benzene  solution  containing  d2.4  mmotea  nrVKZT^TTTiin-^ 
B.C12:0Bt2  ...  coSf.d  tS  ® 

5^®  mixture  was  condensed  75.5  mmoles  of 

and  atl?ie^i?*A«  reaction  mixture  was  warmed  under  vacuum 
and  stirred  at  room  temperature  overalght.  The  volatile 
materials  i^re  removed  by  condensation  at  -8o*C.  leaving  a  solid 
^sldue.  The  -8o«C.  condensate  contained  61. 0  imoles  S  ItoO 
®^*^o“atography)  Indicating  displacement  of'^§75< 
of  total  coordinated  ether.  The  solid  residue  was  redlssolved 
In  benzene  and  cooled  to  lO'C.  depositing  a  crystalline 
wWch  was  filtered  and  washed  w.th  benzene  at  lO'C.  Hydrolysis 
of  the  solid  disclosed  absence  of  active  hydride  Indlcatimr^ihei- 

Cl  Ions.  Exact  composition  of  the  solution  was  not  determined. 

with  ^ClPsNHe^;  The  reaction  of  NaH 

j  attempted  In  benzene  by  Ethyl  Corn  “to 

®^?2-N*fe3  directly.  The  desired  product  Beg?ille° 
soluble  hydride  was  Isolatld.  ?he 
attributed  to  the  insolubility  of  the  reactants 
During  the  course  of  Investigating 
C^H  toward  Nlle3  we  observed  that  the^adduct 
^Cl2.NMe3  dissolves  readily  in  a  mixed  ether-benzene  solvent 
Its  reaction  with  NaH  was  carried  out  to  produce*^' 
ClfieH:NNe3  according  to  the  equation  ^ 

Ether- 

NaH  +  BeCl2:NMe3  — §®D5?D2 - ^  HBeCl:NMe3  +  NaCl  (Eq.  25) 


Obtained  from  Ethyl  Corp. 
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To  8.00  g.  uf  BeClo  (100  aaolM)  ■uspraded  In  82.3  g> 
of  dry  benzene  was  added  3.54  g.  of  lllfe3  ^$4  Heolea).  To 
this  Blxture  dry  ether  (135.5  g.)  «aa  added.  The  aolld  vent 
Into  eolutlon  except  for  slight  oloudlnsse.  The  nlxture  was 
filtered  under  dry  N2  and  charged  Into  a  ball-nlll.  To  this 
nlxture  2.43  g.  of  sodlun  hydride  (102  nnolee  suspended  In 
22.3  g.  of  benzene)  was  added  and  ball-allllng  was  applied 
at  roon  tenperature.  Sanplee  of  the  reaction  nlxture  were 
withdrawn  at  certain  Intervals,  filtered  and  both  the  filtrate 
and  the  solid  phase  analyzed  for  H,  Be,  Cl  and  Na,  the  latter 
In  solid  phase  only.  The  analysis  indicated  that  after  18.3 
hrs.  of  reaction  tine  24.1)(  of  the  Initial  BeCl2:inie3  under¬ 
went  transfomatlon  to  soluble  hydride  presumably  ^Cl:iniB3. 
After  33  hrs.  the  conversion  of  soluble  hydride  was  33.3)t 
and  Increased  to  40.7)(  after  75.0  hrs.  Most  of  the  berylllun 
remained  In  solution  except  for  a  snail  amount  which  was  not 
conpletely  washed  out  from  the  solid  phase  consisting  of 
by-product  NaCl  and  unconsuned  NaH. 

Dissociation  of  ^Clgt2EtgO;  A  sanple  of  12.3  nnoles  of 
BeCl2r2iit20  was  heated  under  vacuum  at  different  tenperatures: 
^.8*,  36.3*  and  49.0*C.  for  a  period  of  1  hour  each.  The 
volatile  naterlals  were  removed  from  the  heating  zone  and 
condensed  ..in  a  trap  held  at  -196*C.  Mass  spectral  analysis 
of  the  condensates  disclosed  presence  of  pure  ether.  St^l 
chloride  was  not  detected.  The  cumulative  amount  of  EtoO 
evolved  was  12.16  mmoles  leaving  a  molar  ratio  of  E«:20/wCl2 
of  1.03  In  the  residual  adduct. 


Decomposition  Pressure  of  BeCl2;2Bt20;  A  sample  of  the 
dletherate  was  prepared  In  a  closed  system  provided  with  a 
mercury  manometer.  The  solid  etherate  having  a  ratio  of 
Et20/BeCl2  >1.97  was  heated  at  various  temperatures  and  de¬ 
composition  pressures  developed  were  recorded  (Table  XV). 

TABLE  XV 


Decomposition  Pressure  of  Beryllium  Chlorlde-Dletherate 


86 

43 


(BeCl2:2Et20  - 

6.13  nnoles 

,  Vapor  Space  > 

326.1 

cc.) 

t. 

•c.  31 

32 

41 

45 

49 

5? 

61 

63 

72 

p. 

imn.Hg.  3 

4 

6 

9 

13 

14.3 

>  20 

22.3 

32 

t. 

"c.  90 

93 

94 

98 

100 

104 

103 

108 

111 

p. 

mm. Hu.  32 

56 

60 

66 

70 

78 

81 

90 

95 

89 

49 
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Upon  cooling  to  room  teaperature  the  pressure  decreased  to 
12  na..  Indicating  presenqe  of  a  volatile  naterlal  other 
than  Bt20.  The  vapor  phase  was  renoved  while  the  solid 
was  reheated  to  88*C.  Analysis  by  mass  spectra  showed  that 
the  vapor  consisted  of  2,5  sole  ethyl  chloz*lde  and  97«5  Bole 
^  Et20. 

The  nolar  ratio  of  Et20/&eCl2  left  In  the  solid  residue 
was  0.95,  In  contrast  to  the  theoretical  value  1.00  for  the 
nonoetherate,  BeCl2:Et20. 

High  Shear  totrualon  of  Beane  Product;  1-2  g.  Beane 
product  (obtained  from  Bthyl  Corp.}  was  suspended  In  110  g. 
solution  of  9^  polystyrene  In  toluene.  After  evaporation  of 
the  toluene  the  polymer  (containing  BeH2)  was  forced  through 
an  orifice  of  0.6  an.  dlaneter  and  8.3  cm.  length  at  l8o*C. 
and  at  a  rate  of  2.5  cm/aln.  The  pressure  delivered  to  a 
1/2  In.  dlaneter  ran  was  In  the  range  of  2500-3000  pounds. 

The  polystyrene  was  finally  Soxhlet-extracted  with  toluene 
leaving  solid  BeH2.  The  solid  was  amorphous  to  X-ray. 
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